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THEME 


The  pace  and  complexity  of  modem  air  warfare  are  reaching  the  point  where  advanced  computer  aids  are  becoming 
essentia  ;o  assist  the  air  crew  in  the  aircraft  and  the  commander  on  the  ground  in  performing  function*  that  hitherto  had 
beer  considered  to  be  their  prerogative.  This  Symposium  considered  the  advances  in  and  practical  application  of  advanced 
computer  aids  in  terms  of  its  impact  on  svionic  systems  design  in  both  manned  and  unmanned  aircraft  and  weapons  systems 
and  on  the  total  air  warfare  command  and  control  environment  including  communications,  electronic  warfare,  intelligence 
gathering  and  operational  planning.  'N 

Computers  ate  already  toed  extensively  in  the  operation  and  control  of  specific  types  of  equipment,  such  as  advanced 
weapon  systems,  surveillance  radars,  electronic  warfare  and  communications  systems.  However,  in  the  broader  context  there 
are  still  many  areas  which  rely  heavily  on  human  decision  making  and  where  the  use  of  computers  will  have  considerable 
impact  in  the  future.  ~ 

The  increasing  use  of  At  Uncial  Intelligence  (AT)  techniques,  including  Intelligent  Knowledge  Based  Systems  (KBS)  and 
Expert  Systems  will  at  one  extreme  allow  decision-making  to  be  increasingly  automated  or  controlled  by  non-expert 
personnel  and  at  the  other  extreme  greatly  extend  the  capebf  lities  of  military  commanders  by  presenting  information  in  a 
timely  manner  and  by  making  rapid  assessment  of  alternative  strategies.  Such  facilities  become  even  more  important  in 
situations  where  the  personnel  are  at  personal  risk.  New  computer  architectures  promise  to  facilitate  the  processing  of  even 
greater  quantities  of  data  at  high  speed  through  the  use  of  techniques  such  as  parallel  processing  and  networking  of  systems. 


x-  The  successful  application  of  computers  should  provide  improved  effectiveness,  flexibility  and  reliability  of  both  men 
and  equipment  resulting  in  a  saving  of  resources  and  personnel.  u,  i  S  !  f,  f,  f~c.  ’-l  .  „  *.  ■'  *  r 
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La  rapidite  et  la  complexite  d'une  guerre  aerienne  ont  atteint  un  niveau  tel  que  les  Aides-Informatiques  de  technologic 
avanede  deviennent  essentieUes  pour  assister  aussi  bicn  les  equipages  dans  leurs  avions  que  le  coramandement  au  sol  dans 
l’accomplissement  de  leurs  fonctions,  laches  qui  jusqu’ici  etaient  considerees  comme  ne  ressortissant  que  de  leui  scutes 
prerogatives. 

Ce  Symposium  a  etudid  les  applications  avanedes  et  pratiques  des  Aides-Informatiques  de  technologic  avancec  en 
tenues  d 'impact  sur  les  concepts  des  systdmes  avioniques  pour  les  avions  pilotes  ou  non  et  les  systbmes  d’armes  dans 
Tenvironnenient  global  d'un  commandement  et  de  contrite  de  guerre  aerienne  comprenant  les  communications.  Is  guerre 
electronique,  le  re.  eil  des  renseignements  et  les  plans  des  operations. 

Les  ordinateurs  sent  des  maintenant  utilises  dans  la  raise  en  oeu'Te  et  le  contrite  dc  types  d'equipements  spdcifiques 
tels  que:  Systemes  d'armes  avanedes.  Surveillance  radar,  Systemes  de  guerre  electronique  et  de  communications.  Cependant 
dans  un  contexte  plus  elargi,  U  y  a  encore  beaucoup  de  domai’.ies  qui  dependent  encore  etroitement  des  prises  dc  decisions 
humaines  et  ou  ('utilisation  des  ordinateurs  aura  un  impact  considerable  dans  I'avenir. 

L'accroissement  de  I'emploi  des  techniques  relatives  k  I'lnteUigence  ArtificieUe  induant  les  systemes  bases  sur  la 
connaissance  de  ('intelligence  et  les  systemes  experts  pourront  d'une  part,  permettre  un:  automatisation  accrue  des  prises  de 
decisions  ou  d'etre  mieux  controlees  par  un  personnel  non  spe  rialise,  et  d’autre  part,  d'  ndre  large  mem  les  possibility  du 
commandement  militaire  par  la  presentation  de  manicrc  opportune  et  dans  les  evaluations  sur  1'altemative  strategique. 

De  telies  facility  deviennent  encore  plus  importantes  quand  les  situations  oil  le  personnel  est  un  personnel  a  risque.  Les 
architectures  des  nouveaux  ordinateurs  permettiont  de  faciliter  le  traitement  et  la  qualite  des  donnees,  a  grande  vitessc,  par 
I'usage  de  techniques  telies  que  le  traitement  en  parallele  et  le  maillage  des  systemes. 

Le  succes  de  I'emploi  des  ordinateurs  devrait  foumir  une  arnehc  ration  de  I’efficacite  et  de  la  flexibilite  a  la  fois  de 
lliomme  et  de  I'equipement;  ce  qui  aurmit  pour  resultat  l’econotrie  des  tessources  et  du  personnel. 
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THE  USE  OF  KNOWLEDGE  BASED  SYSTEMS  TECHNIQUES 
INESM  PROCESSING 


by 


J.HPalfreyman 

Business  Develop  nent  Manager  —  Electronic  Warfare 
Software  Sciences  Ltd 
Fam  bo  rough,  Hampshire  GU 1 4  7NB 
UK 


The  Elec  (ironic  Support  .^Mun«  (UN)  lyitia  attempts  to  dstect*  analyst  and  classify  sources  of  radio  and 
radar  emissions  in  tha  inrlronsint.  Tbe  KM  system  provides  valuable  emitter  classification  information 
to  the  hoat  platform's  Command  and  Control  Kystta  or  associatad  Blactronic  Countsraaasuraa  (BCM) 
equipment.  However ,  the  current  feneration  of  Automatic  KM  systems  of  tan  produce  ambiguous  or  incorrect 
esitter  claseif icatione  in  tha  adverse  conditions  of  actual  conflict.  This  paper  describes  the 
application  of  Knowledge  based  Systems  techniques  to  KM  processing  and  outlines  the  development  end 
evaluation  of  a  Knowledge  Based  UN  system  model  aimed  epecifioally  at  improving  the  emitter 
claesi  fleet  ion  capability  of  automatic  KM.  - 
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C  Command  and  Qontro*. 

CKF  Current  Emitter  File 

cm  Continuous  Hava 

OF  Direction  rinding 

BCM  Electronic  Countermeasures 

KM  Blactronic  Support  Measures 

KM  Blactronic  warfare 

CWSC  electronic  Warfare  Scenario  Generator 

3WM  Blactronic  Warfare  Receiver  Model 

(HU  Gigs '-Herts  (10  Hi) 

KB-BM  Knowledge  Baaed  Electronic  Support  Measures 

KBS  Knowledge  Based  System 

KS  Knowledge  Source 

FBI  False  Bspetltlon  Interval 

FW  rules  Width 

RF  Radio  frequency 

TO*  Time  of  Arrival 
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2.1  Th«  Bl.atrowic  itffort  Nuiurti  (CWI  lyitii  1*  aoaoanwd  with  th«  d*t*ntien>  tnaljrali  ui 
oltulflMtioa  of  riiio  ui  niu  aifuli.  M  providM  iattiU  of  tho  ilful  uvln«ut  Uttar  to  tta 
heat  platform'*  oiuiai  and  Control  Byatam,  lor  uaa  in  taotioal  aitoation  aaaaaaamnt  or  to  an  lntagratad 
■laotroide  Oowmtar— aaurma  (acM)  ayatoa.  thia  papar  will  ba  rmatrietod  to  th*  dl.euaaion  of  Radar  MR. 
•lthowqh  tha  taohalqnaa  Oaacribad  in  aubaaqoant  aaotloma  will  ba  yanarally  applioabla  to  radio  fraquaney 
MM  ayata  a. 
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2.2  The  block  dlagree  of  a  typical  Automatic  KSM  System  is  presented  in  Figure  t.  Tha  ayitaa  la 

oosposed  of  tha  following  subeyatsms* 

-  tha  Antenna  and  Aeceiver 

-  tha  Preprocessor 

-  tha  Main  Processor 

-  tha  Man-Machine  Xntarfaca 

2*3  Tha  Ant  anna  and  Meceivar  must  ba  capable  of  dataction  of  all  radar  fraquenoles  uaad  by  own 

f oroaa ,  neutral  and  anaay  radar  aata.  Tha  typical  fraquaney  ooraraga  la  2-18  <28*  although  extensions  to 
cover  tha  *11  line  trie  wavelengths  above  18  08s  are  becoming  of  increased  laportaaoe.  Similarly  the 
sub-iystaa  must  ba  able  to  detect  signals  arriving  at  all  aaiauth  angles  around  the  boat  platform.  The 
receiving  unit  <l*t«ot»  incident  signals  (above  ay a tea  sensitivity )  and  measure a  tha  signal 
characteristics .  Tha  characteristics  of  a  typical  pulsed  radar  signal  that  are  measures  by  the  receiver 
are  i 

Angle  of  Arrival  (bearing) 

-  Carrier  Frequency 
Pules  Width 
Amplitude 

-  Time  of  Arrival 

2.4  However*  since  the  reosiver  will  detect  and  measure  each  incident  pulse  in  chronological  order* 
the  reosiver  output  will  require  sorting  to  reconstruct  pulse  chains  from  tha  individual  emitters  in  the 
environment  •  this  sorting  proosss  is  carried  out  by  tha  Fra -processing  element  of  tha  system*  and  is 
termed  'Da- in  tar  leaving* .  Tha  aim  of  tha  da-inter  leaving  function  ia  to  produoa  just  one  pules  ahain  for 
each  detectable  emitter  in  the  environment*  although  this  ia  seldom  possible  in  practice. 

2.5  The  Pr« -processor  element  also  sots  zm  a  data  rata  reduction  mechanise  to  ensure  that  tha  main 
processor  can  oops  w:  i  its  pulse  chain  analysis*  classification  and  sytam  oontrol  tasks.  In  addition* 
tha  Pro-proomsaor  r amoves  all  unwanted  pulse  data  (a.g.  from  high  duty  rate  emitters)  tha :  had  previously 
baas  analysed  and  classified  by  the  system  to  further  reduce  the  mainprooessor  load. 

2.8  Bach  pules  chain  derived  by  tha  da-interleaver  ia  either  associated  with  a  currant  entry*  or 

creates  a  new  entry  in  the  Currant  fitter  File  (CXF).  Subsequent  analysis  of  the  iaterpulse  modulation 
of  the  HF,  PHI*  V*  and  Soan  peramsvera  are  stored  against  this  CV  entry* 

2.7  The  CSF  maintenance  algorithms  attest  to  solve  the  problems  created  by  the  da-in  tar  leaver  and  in 
particular  tha  reconstruction  prooasa  is  based  largely  upon  parameter  matching  techniques  -  that  is  pulse 
chains  are  combined  with  existing  C*F  entries  if  their  parameters  meet  some  form  of  oetohing  criteria. 

2.8  The  Modulation  Analysis  Functions  within  Autos* tio  B8N  attempt  to  enfant  tha  basic  pulse  chain 
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ptrtMtita  produced  by  the  da -inter leaver  (i.e.  bearing,  RF  range  etc.)  with  detail*  of  how  the  pula* 
patametera  vary  over  the  detected  pule*  chain.  The  Radio  frequency.  Pule*  Repetition  Interval  and  Pule* 
width  parameters  are  often  analyaed  by  the  ooepilation  of  parameter  occurence  histograms.  Thee*  ere 
•ubeequently  interpreted  to  give  the  Modulation  detaile  of  the  particular  parameter. 

2.9  The  amplitude  Modulation  of  a  pule*  chain  can  be  analyaed  to  produce  an  indication  of  the 

periodioity  and  antenna  scan  pattern  of  the  target  radar.  This  information  yialda  important  extra 
information  for  uee  in  the  claaaifioatioa  prooees*  and  the  function  ia  termed  dean  Analysis* 

2*10  The  aeitter  claaaif ioation  function  ia  aooompliahad  by  oomparing  the  paramatera  of  a  particular 
CRF  entry  with  each  record  In  a  library  of  known  emitter  oharacterietics •  Thia  library  contain* 
parametric  datable  of  all  radar  amittara  within  the  system's  frequency  coverage  that  are  likely  to  be 
encountered  in  a  particular  operational  altuation* 

2.11  The  library  ooeparieon  proceea  results  in  a  candidate  sat  of  emitter  record*  from  the  library 
which  match  the  CEF  entry.  Thia  candidate  eat  la  than  subjected  to  confidence  aaeeeament  which  produces  a 
measure  of  the  accuracy  with  which  the  CEF  entry  parameters  match  those  of  the  library  entry .  Thia 
confidence  Indicate*  the  likelihood  of  eaoh  candidate  emitter  type  corresponding  to  the  particular  CKf 
entry. 

2.12  ESN  ay  sterna  can  be  used  in  a  variety  of  different  roles  in  a  conflict  situation*  including! 

a)  SELF  PROTECTION  -  in  aesociation  with  'hard  kill1  (a.g.  ship  to  ship  missile  ay  a  tame)  or  'soft 
kill'  (a.g.  Electronic  Countermeasures )  systems,  the  ESN  equipment  oen  help  protect  thn  host 
platform  against  radar -seal a ted  attack. 

b)  TACTICAL  SITUATION  ASSESSMENT  -  since  the  ESN  system  provides  emitter  claaaif  ioation  data#  it  ia 
obviously  complementary  to  primary  radar  (which  measures  range  and  bearing  of  targets)  in  the 
assessment  of  the  host  platform's  tactical  environment. 

c)  EARLY  WARNING  -  it  ia  often  possible  to  detect  targets  at  long  ranges  from  the  host  platform 
using  ESN#  even  outside  the  primary  radar's  coverage.  It  la  also  possible  in  certain  situations 
to  detect,  analyse  and  classify  radars  over  the  conditions  by  exploiting  Anoma;  >us  propagation 
(AMAPROP)  conditions. 

It  ia  therefore  obvious  that  ESN  must  be  capable  of  deriving  high  quality  aadtter  claasif icationa  to 
fulfill  these  important  roles  and  to  be  fully  affective. 

2.13  However,  Automatic  ESN  systems  are  required  to  operate  in  a  number  of  adverse  conditions  which 
makes  the  successful  classification  of  aadttere  difficult.  These  adverse  conditions  include. 

-  the  vary  high  pulse  date  rates  that  may  be  detected  by  a  sensitive  ESN  system  in  postulated 
conflict  scenarios. 

-  the  trend  towards  usage  of  radars  exhibiting  oomplsx  modulation  strategies,  which  make  the  ESN 
syatama  delator leaving  and  analysis  tasks  difficult. 

-  the  presence  of  nolee  jamming  in  the  environment,  which  adversely  affects  certain  receiver 
types. 

•  the  presence  of  high  powered  'friendly'  radars  in  the  vicinity  of  the  ESN  system  which  oan 

seriously  impede  certain  aspects  of  ayatem  performance. 

2.14  Moreover#  the  structure  of  the  current  generation  of  Automatic  ESN  systeam  implies  that  errors 
arising  at  the  reoelvlng  stages  due  to  these  adverse  operational  conditions  are  propagated  through  the 
da-intar  leaving  and  modulation  analysis  elements.  As  a  direct  consequence  of  this  error  propagation#  the 
class  if  ioation  function  often  produoes  highly  ambiguous  (i.e.  several  possible  emitter  classifications  are 
presented)  or  in  the  limit  erroneous  results. 

)  KWOWLEDGE  EASED  MM  ETETPt  DEVELOPMENT 

3.1  To  directly  address  the  emitter  classification  problam  described  in  the  last  section,  and  with 
the  overall  aim  of  improving  ESN  system  ef  feotivenees  #  Software  Sclenoes  Ltd  embarked  on  e 
privately-funded  Knowledge  Eased  f8M  System  (EE -ESN)  development  programme* 

3.2  The  aime  of  thia  development  were  several  fold,  namely 

-  to  improve  the  overall  performance  of  aut emetic  PEN  by  optimising  the  processing  subsystem 

-  to  apply  novel  hardware  and  software  architectures  to  achieve  this  optimal  processing 

-  to  asseaa  the  improvement  that  US  techniques  could  offer  in  the  clasaif Ioation  of  radar 
emitters  * 

to  dsvelop  a  comprehensive  ESN  System  Evaluation  facility  using  a  suite  of  modelling  programs. 

3.3  During  the  initial  phases  of  this  development*  a  comprehensive  survey  of  the  types  of  Knowledge 
Based  System  (KEd)  which  oould  be  used  in  EM  processing  was  undertaken.  As  a  result  of  thia  survey*  the 
Blackboard  Architecture  was  chosen  because  of  its  flexibility  and  suitability  to  the  complex  time  varying 
signal  analysis  problems  of  SEN.  The  Blackboard  Architecture  was  originally  developed  for  use  in  speech 
understanding  and  has  subsequently  bean  used  for  a  variety  of  applications  including  Sonar  Classification 
and  Sensor  Data  fusion. 
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r  3*4  There  ars  three  components  of  the  Blackboard  Architecture i - 

the  Blackboard 

t  j  knowledge  sources ,  and 

tha  aohadular 

Tha  Blackboard  ia  a  structured  global  data  basa  which  »v  ba  subdivided  into  level*,  panala  and 
antrioa  aa  shown  in  figura  3a  appropriate  to  the  particular  i  plication*  Tha  levels  usually  represent 
'level*  of  abstraction  • *  where  tha  lowest  level  represents,  f-  example,  raw  (Tata  gathered  froai  a 
*  tranaduoar  or  sensor  and  tha  hirhtst  levels  represent  high  confidence  information  deduced  fro*  tha  lower 

levels •  Bare. el  different  types  of  entry  say  exist  at  each  level* 
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3*5  The  Knowledge  Sources  Manipulate*  create  or  consume  entries  on  tha  Blackboard  baaed  upon 
procedures  (algorithmic)  or  declarative  (rule-based)  knowledge.  An  example  knowledge  source  (K S)  is  shown 
in  Figure  2b.  Bach  KB  has  a  condition  part  and  .in  action.  If  tha  condition  part  (which  ref  era  to  entriaa 
on  tha  Blackboard)  evaluate!  to  be  true*  then  the  U  becomes  e  candidate  for  activation  end  as  such  is 
placed  on  un  Agenda.  If  it  is  activated*  its  action  part  will  run  causing  Modification  to  tha  Blackboard 
contents • 


3.6  The  selection  of  a  Kfl  fro*  the  Agenda  to  run  Is  performed  by  the  scheduler*  the  action  of  which 
is  shown  in  Figure  2c.  The  way  in  which  the  scheduler  selects  the  KB  fro*  tha  Agenda  on  any  particular 
cycle  of  operation  ia  totally  adaptive  and  in  general  would  also  depend  on  the  oontents  of  the  blackboard. 

3.7  The  main  features  offered  by  *  Blackboard  approach  ar  applied  to  KM  processing  ares 

-  the  support  of  the  hypothesis  and  Teat  paradlga*  whereb"  initial  emitter  classification 
hypotheses  are  formed  and  subsequently  validated  or  disproves  by  the  application  of  apaclal 
purpose  analysis  techniques  to  the  pulse  chain  data. 

-  the  capability  to  altar  the  processing  priorities  adopted  within  the  system  according  to  the 
current  situation*  in  contrast  to  thr  rigid  prioritiss  imposed  by  ths  more  conventional  system. 

the  ability  to  allow  the  system  to  choose  one  of  several  pulse  chain  analysis  algorithms 
according  to  tha  circumstances*  for  exempls*  special  purpose  modulation  analysis  techniques  srs 
ussd  to  msks  uss  of  'a-priori*  information  of  previously  dstected  emitter  types  or  aa  part  of  tha 
hypothesis  tasting  process* 

3.8  To  msks  full  uss  of  thsss  features*  a  Knowledge  Baaed  B8N  system  model  was  developed  to  prove  the 
functionality  of  the  Blackboard  approach  and  to  gather  performance  metrics  for  use  in  optimisation  of  the 
XB-BBM  system  towards  reel  time  operational  usage.  The  KB-B8N  system  model  incorporates  all  necessary 
features  of  tha  IBM  processing  system,  including. 

-  A  de-inter leaver  which  ia  under  ths  full  control  of  ths  Blackboard  mechanisms. 

-  BF,  FBI  and  PH  modulation  analysis  algorithms. 

■sitter  Classification  algorithms  (including  library  access  end  hypothesis  end  test) 

-  Special  purpose  display  formats 

-  Adaptive  system  control  end  sche£  >ng 
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3-9  The  KB -IBM  iyit«a  Modal  ruum  on  a  VAX  11  series  computer  under  a  Knowledge  Baaed  System 
development  environment  called  POFLOG.  The  development  and  subsequent  Assessment  carried  out  to  date  hae 
shown  that  within  a  controlled  evaluation  environment,  the  KP-BBM  system  Modal  la  able  to  produce 
conalatent  unambiguous  emitter  classification  results. 

3*  10  Much  of  the  improved  claaaification  capability  ia  due  to  the  application  of  the  hypotheeis  and 
teat  technique*  The  emitter  hypotheses  are  formed  by  acceaaing  the  emitter  library  with  coarse  but 
reliable  pulae  chain  parameters  in  much  the  same  way  as  current  generation  eye  tame.  Bach  candidate 
emitter  is  then  a  objected  to  s  verification  process  using  distinguishing  features  of  the  eeU-tter  retrieved 
from  the  library  record.  This  Information  is  ussd  as  the  bssia  for  the  'a-priori*  analysis  of  the  pulse 
chain  in  question  to  prove  or  disprove  the  existence  of  the  candidate  emitter.  Only  emitter 
classifications  validstsd  in  this  way  are  prssanted  to  ths  operator  as  correct  classifications  hence 
decreasing  ths  probability  of  erroneous  or  ambiguous  results.  This  process  is  illustrated  in  Figure  3. 
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3.11  In  addition  to  providing  reliable  classification  of  a  correctly  de-intarlaaved  pulse  chain,  the 
evaluation  of  ths  KB-BSN  system  modal  has  proven  its  capability  to  classify  several  asperate  emitters 
which  are  initially  placed  into  a  single  pulse  chain  due  to  thslr  close  parametric  proximity. 
Furthermore,  the  K9-KBM  system  model  can  successfully  recombine  split  pules  chains  from  a  wide  band 
frequency  hopping  radar  by  extending  the  hypothesis  and  teat  technique  oack  to  a  second  (rule -based) 
de-inter leaving  stage* 


The  AB-BSH  System  model  was  developed  with  a  set  of  displays  to  allow  the  operator  to 

-  oversea  the  system  operation,  using  ths  tabular  amitter  summary  displays  cosmnn  in  automatic  IBM. 

monitor  the  hypothesis  and  tast  function  from  candidate  emitter  set  generation  through  emitter 
verification  using  special  purpose  display  formats. 

monitor  ths  modulation  analysis  of  a  particular  pulss  chain  using  special  purpose  graphical 
display  options. 

Ths  strictly  hierarchic  nature  o2  these  displayr  ensures  that  ths  system  defaults  to  fully  automatic  mods, 
with  euaeary  displays  available  for  this  purpose.  However,  the  'lower  level'  dieplay  options  can  be 
invoked  to  allow  the  skilled  operator  to  monitor  ths  datailad  system  operation. 

4  KB-K8M  8Y8T»  KVALUATIOM 

4.1  7n  order  to  xiaaass  fully  the  capabilities  and  limitations  of  the  KB-K8M  System  Model,  a 
comprehensive  evaluation  programs  was  undertaken  following  system  development.  Since  an  incremental  and 
controlled  assessment  technique  was  essential  to  this  evaluation  programs,  a  modelling  approach  was 
adopted  throughout.  Tnls  will  be  followed  in  the  near  future  by  the  development  and  assessment  of  e 
prototype  trials  system. 

4.2  A  block  diagram  of  ths  assessment  facility  ussd  to  evaluate  ths  KB- ISM  system  model  is  presented 
in  Figure  4.  T «.*>  evaluation  proceas  consisted  of  the  generation  of  tast  scenarios  of  various  ooaplexlties 
from  which  the  signal  environment  at  ths  ISM  receiver  oculd  be  simulated.  The  performance  of  the  B8M 
receiving  element  wee  subsequently  modelled  and  the  receiver  output  used  to  evaluate  ths  n-BSN. 
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4*3  The  Environmental  Modelling  function  was  accomplished  using  the  Software  8ci«nc«s  XM  Scenario 

Generator  (KM8G)  program.  KV8G  allowed  tha  operational  Scenario  to  ba  defined  in  terma  of  tha  relevant 
platforms  (airborne,  shipboma  or  landbesed),  thair  position  and  thair  radar  fits.  Tha  charactaristics  of 
tha  radar  fits  vara  subsequently  usad  to  ganarata  an  electromagnetic  environment  (i.a.  pulsed,  CM  and 
jamming  signals)  as  incidant  at  a  usar  spacifiad  sansor  position.  Tha  oparational  scenario  was  dynamic  in 
that  full  platform  motion  was  modallad  throughout  tha  simulation  including  platform  aanoauvras  in  coursa, 
speed,  altitude,  roll,  pitch  and  yaw  at  pradaflnad  simulation  timas*  Tha  simulated  signals  wars  of  a 
highly  sophistlcatad  nature  to  raprssant  postulatad  modulation  agility  schamas  and  scan  strategies. 

4.4  Tha  aubaaquant  Receiver  Modelling  function  was  acoompliahad  using  tha  8oftwara  Sciences  XV 
Receiver  Modalling  (Stmt;  program  which  allowad  tha  usar  to  modal  aithar 

-  Channalisad  Receiver, 

an  Instantanaous  Frequency  Measurement  Receiver# 

-  a  Swept  Suparhat  Racaivar  or 
a  Multiport  Soaring  racaivar 

Tha  ant anna  systam  was  fully  dafinad  in  tarms  of: 

its  polar  diagram  in  tha  Asimuth  and  tlavation  pianos 
tha  variation  of  this  polai  diagram  with  RF 

4.5  Furtharmora,  suitabla  interpolation  routines  wars  provided  to  calculate  tha  antanna  gain  in  a 
general  (i.a.  non  planar)  direction  and  at  any  pulse  frequency. 

4-6  SiaLllarly,  tha  Direction  Finding  and  RF  receiver  a  lament  char  act  aria  tics  ouch  asi 

-  Sensitivity  (as  a  function  of  RF) 

Dynamic  Range 

-  Bandwidth 

-  Dead  time  (due  to  recovery  affects) 

Simultaneous  Signal  Capability 

KM  resistance 

ware  simulated,  as  ware  the  principle  sources  of  parameter  ecasuremnt  error  within  tha  particular  racaivar 
type.  Tha  output  of  tha  raoaivar  modal  was  subsequently  usad  in  tha  controlled  evaluation  of  tha  KB-BM. 

4.7  Since  tha  assessment  of  tha  KB-BSM  system  modal  was  aooo^lished  in  controlled  conditions 

generated  by  an  environmental  modal,  it  was  possible  to  assess  automatically  tha  performance  of  tha 
receiving  and  processing  subsystsms.  This  was  possibls  since  pulse  data  generated  by  tha  environment 
Node  was  'tagged'  with  s  source  emitter  identification  fluid.  This  field  was  onqpered  with  the  BSM 
system,  .'i  perception  of  tha  emitter  type  to  give  an  aasassmant  of  system  performance. 
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5  COHCIAJ8IOM8 

5.  1  The  development  end  subsequent  thorough  evaluation  of  the  Knowledge  Baaed  ISM  system  model  he* 

proven  that  the  application  of  the  Blackboard  Architecture  and  particularly  the  hypothesis  and  vest  method 
can  produce  unambiguous  emitter  classification  results*  further,  evaluation  In  scenarios  depicting 
adverse  operational  conditions  for  MM  has  shown  that  the  techniques  arc  particular1./  useful  in  there 
situations* 

5.2  To  summarise,  the  application  of  the  novel  softwere  architecture  has  optimised  the  effectiveness 
^f  automatic  ISM  an*',  hence  the  overall  aiea  of  the  development  prograsne  wera  attained* 

5.3  ttte  XB-B8M  research  programme  continues,  However,  aimed  primarily  at  producing  an  operational  MM 
system  using  tha  techniques  described  in  this  paper*  the  other  main  areas  of  research  activity  are 

the  extension  of  the  Blackboard  Architecture  to  control  the  B8M  receiver  and  hence  produce 
optimal  receiver  response  to  augment  the  emitter  classification  process. 

-  the  extension  of  tha  KB-K8M  system  model  to  incorporate  emitter  association  and  platform 
classification  at  the  B8M  system  as  part  of  th*.  hypothesis  end  test  process. 

-  the  use  of  special  purpose  display  format*  and  interfaces  to  allow  operator  interaction  with  the 

XB-X8M  system. 

These  extensions  to  the  XB-13M  system  will  further  Improve  the  effectiveness  of  automatic  5SM  by 
optimisation  of  the  processing  elements. 
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R.  Volea ,  UK 

What,  roughly, 
real-time? 


DISCUSSION 


la  tha  typical  aceJe  ratio  between  the  rata  at  which  tha  nodal  ling  ia  performed  and 


B.  Jackaon 

Currently  thi  KB-ISN  ay  a  tan  ia  writ  tan  in  P0?-11  which  it  run  on  a  tiaaahared  VAX  11-750,  Whan  a 
typical  coaplex  CW  acanario  la  simulated  t he  aystaa  haa  been  found  to  run  at  a  rata  which  is 
approximately  1000  tiaea  alovar  than  real-time.  Performance  measurements  have  whown  that  over 
90*  of  thi*  time  is  apant  in  tha  embedded  de-interleaver.  This  would  normally  ba  implemented  on  a 
aaparata  high-performancs  dadicatad  chip. 

Evaluation  haa  shown  that  tha  technique*  develops  ara  capable  of  real-tine  implementation  and 
Software  Sciences'  currant  work  ia  in  tha  enhancement  of  tha  real-time  applicability  of  tha 
techniques  developed.  Wa  sea  this  aa  tha  adoption  of  the  beneficia)  aapacta  of  tha  KB-ESN  but 
implementation  in  Ada.  Tha  Ada  implementation  will  encode  tha  roles  aa  interpreted  data  structures 
so  aa  to  maintain  come  of  the  flexibility  of  the  knowledge  baaed  approach. 

J.  Whalley,  UK 

Could  you  brief iy  describe  the  POP-11  anviravr  tnt  and  tna  problems  you  have  experienced. 

B.  Jackaon 

The  POP-11  environment  used  1*  the  POPLOG  system  originally  developed  by  Sussex  University.  Thia 
runs  on  a  VAX  11-750  tinder  tha  VMS  operating  system.  Thia  language  has  been  found  to  be  very  good 
at  fast  prototyping  of  knowledge  based  applications  in  the  ESN  domain.  The  limitations  encountered 
have  been  in  term*  of  speed  of  execution,  overa?,l  machine  resources  consumed,  effect  on  other  users 
of  the  time  shared  system  and  more  significantly  the  program  size  limitations  encountered.  The 
KB-ESN  system  has  grown  in  complexity  during  its  development  phase  and  haa  now  reached  the  physical 
limitations  imposed  by  the  POP- 11  system.  Some  further  enhancement  would  be  possible  if  we 
restructured  the  existing  program  to  make  more  efficient  use  of  tha  available  aystem  facilities. 

It  is  felt  that  this  would  only  provide  a  short  term  breathing  space. 

R.W.  MacPherson,  Canada 

Could  you  comment  on  the  applicability  of  your  techniques  to  the  identification  of  emitters  other 
than  radar? 

B.  Jackaon 

The  techniques  developed  have  been  specifically  aimed  at  the  problems  encountered  ir.  conventional 
ESN  systems.  The  techniques  and  approach  adopted  are  directly  applicable  to  other  Signal  Analysis 
problems.  Software  Sciences  have  already  investigated  applicability  of  this  approach  to  the  SONAR 
problem  and  we  believe  that  the  techniques  ara  also  applicable  to  other  similar  areas.  The 
techniques  of  emitter  association  and  platform  classification  developed  recently  as  part  of  the 
KB-ESN,  but  not  covered  in  this  paper,  ere  also  more  widely  applicable  in  the  area  of  multi-sensor 
data  fuaion. 

R.S.  Dale,  UK 

How  does  the  system  react  to  emitters  which  are  not  in  the  emitter  library? 

B.  Jackson 

When  an  emitter  is  encountered  that  cannot  be  matched  rgainst  any  existing  library  entry  the  system 
is  unable  to  generate  a  verified  hypothesis  concerning  the  identity  of  the  emitter.  As  such  the 
aystem  states  that  it  is  unable  to  reach  verified  status  and  tella  the  operator  that  it  has  detected 
a  previously  unknown  emitter.  This  is  an  improvement  on  existing  systems  which  frequently  inform 
the  operator  of  an  incorrect  Identification  when  an  exact  match  cannot  be  made.  The  KB-ESM  system 
having  concluded  that  the  detected  emitter  is  previously  unknown  can  provide  facilities  to  enable 
the  operator  to  create  an  "invalidated"  library  entry.  This  entry  records  the  detected  parameters 
of  the  new  emitter  and  can  provide  various  recording  facilities  to  enable  further  analysis  on  return 
from  the  current  mission. 

H,  Timers,  Netherlands 

How  are  the  innut  data  generated?  Are  they  assembled  from  real  life,  or  are  they  generated 
artificially? 

How  do  you  deal  with  uncertainty  in  the  data? 

B.  Jackson 

The  Input  data  has  been  generated  using  two  of  Software  Sciences'  EW  simulation  and  modelling 
packages  EW&G  A  EWPN,  EWSG  is  a  general  purpose  Radar  environment  scenario  £onorator  that  is 
capable  of  producinc  digitally  uncoded  pulse  data  for  up  to  99,959  different  emitters  each  of  which 
can  be  fully  defined  in  terms  of  electromagnetic  radiation  properties  and  positional  movement. 

EWRM  is  a  package  which  enables  the  realistic  modelling  of  all  common  ESN  receiver  types  with  the 
ability  to  fully  specify  the  receiver  characteristics  using  u  high  level  interpretive  English  like 
language.  The  scenarios  modelled  using  these  facilities  were  defined  and  agroed  in  conjunction 
with  the  UK  NoD,  RAF  and  KSRE  to  be  truly  representative  of  certain  predicted  threat  situations. 

The  KB-ESM  system  deals  with  uncertainty  in  the  data  by  the  use  of  the  knowledge  baked  techniques 
described  in  the  penjr.  The  extensive  evaluation  exercise  that  was  undertake,  was  centred  around 
predefined  att.uations  which  cause  uncertain  and  ambiguous  classification  in  the  current  generation 
of  ESN  systems.  The  KB-ESM  system  was  proven  to  bo  significantly  better  than  existing  systems  at 
deriving  unambiguous  and  correct  interpretation  of  small  quantities  of  "uncertain  data". 
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SOHHAkY I  Tha  Dafeas*  Advanced  kaaaareh  Projacta  Agaacy  (DAKPA)  baa  a 
loag  history  of  supporting  raaaarch  la  the  araa  of  Artificial 
Iatalllitaea  (AI).  DAIPA'a  Strataflc  Coapatlag  Prograa  Is  developing 
aa  AI  technology  baaa  upoa  which  several  appllcatloaa  prograaa  ara 
ha  log  built  lacladiag  tha  AlrLaad  Battle  Haaagaaeat  Prograa  (AIM). 
Tha  ALBH  prograa  of  flea  la  cofaadlag  tha  OS  Air  Perea 'a  flrat  aajor  AI 
appllcatloui  loaa  Air  Davalopaant  Center's  Tactical  Ixpart  Hlaaloa 
PLAaoag  (TINPLAk).  TIHPLAk  la  aa  advanced  davalopaant  level  effort 
that  la  bulldleg  upoa  deaoaatrated  apateaa  at  tha  exploratory 
davalopaant  loyal  ft  wall  aa  tha  Strategic  Coaputlag  tech  baaa.  Thla 
paper  daacrlbaa  tha  TIHPLAk  prograa  aad  ita  llaka  to  tha  AlrLaad 
Battle  Haaageaant  aad  Strategic  Coaputlag  Irograaa. 


M 


IMTBODOCTIOI 

Since  lta  craatloa  la  1958,  tha  Dafaaaa  Adyaaced  kaaaareh  Projaeta  Agency  (DAtPA) 
haa  baaa  a  aajor  beaafactor  to  bcalc  raaaarch  la  coaputar  aclanca  la  tha  halted  Stataa. 
A  aajor  portion  of  tha  early  raaaarch  la  Artificial  Intelligence  waa  aupported  by  DAkPA 
la  the  1960's.  DAkPA  haa  continued  la  tha  1980'*  to  proaota  and  develop  proalalng 
coaputor  technologiaa  with  the  Strategic  Coaputlag  Prograa. 


la  lata  1983  tha  Strategic  Coaputlag  Prograa  (SCP)  waa  announced.  Tha  prograa  waa 
orga nixed  to  develop  aachlaa  Intelligence  technology  at  aaay  different  but  coapleaaatary 
la  vale  ( 1 1  .  Thla  waa  done  to  taka  advantage  of  tha  aaay  advancea  that  have  reached 
aaturlty  la  recant  yaara.  Plgure  1  ( 2]  ahowa  tha  pragma  atructura  aa  a  pyraald  where 
tha  haac  repreaenta  sicroelect ronlca  technology  aad  each  additional  level  hullda  froa 
tha  pravloua.  Hear  tha  top  of  tha  pyraald  ara  tha  application  araaai  Autoaonoua 
Syatoaa,  Pllot'e  Aaaoclata,  and  Battle  Hanagaaant.  lack  of  the  araaa  contalaa  one  or 
aora  aajor  application  prograa. 


Ona  of  tba  application  prograaa  undar  the  Battle  Maaagaaent  araa  la  tha  AlrLaad 
Battle  Hanageaent  (ALBH)  Prograa  for  which  tha  OS  Aray  la  tba  lead  Service.  Tha  ALBH 
prograa'*  oaaaaaka,  AlrLaad  Battle,  1*  a  new  concept  that  baa  baaa  Incorporated  Into  DS 
Aray  doctrine.  Originally  called  AirLaad  Battle  2000,  thla  evolutionary  doctrine 
aapbaalxea,  aaong  other  thing),  cluaar  cooperation  batwaan  air  aad  land  forcaa.  Tbua  lt 
la  fitting  that  thla  pradoalnately  DS  Aray  prograa  haa  OS  Air  force  participation. 

Tba  ALBH  Prograa  Office  la  cofunding  the  OS  Air  Force,'*  flrat  aajor  AI  application 
prograa  with  koaa  Air  Davalopaant  Caatar  (tADC).  That  prograa  la  kADC'a  Tactical  Ixpart 
Hlaaloa  PLAoaaE  (TIHPLAk).  Tba  technical  objective  of  TIHPLAk  la  to  aova  wad  apply 
daaouatratad  AI  to  a  allltary  planning  problea.  Tha  operational  or  donaln  objective  1* 
to  day.  lga,  build,  teat  and  avalaata  a  decision  aid  to  aaalat  OSAF  planner*  la  generating 
tha  dally  Air  Tasking  Order  (ATO)  l.a.  to  aaalat  la  solving  a  resource  allocation 
problea.  Tha  raaaladar  of  this  paper  will  dlacusa  tba  TEHPLAk  prograa  aa  lr  relates  to 
the  Strategic  Coaputlag  Progran,  tha  AlrLaad  Battle  Hanageaent  Prograa,  and  the  t-jtura 
of  Artificial  Intelligence  based  planning  In  allltary  aystens. 


In  order  to  dlscuaa  TIHPLAk'*  relationship  to  that*  DAkPA  prograaa  w*  oust  first 
praaant  background  laforaatloa  on  tha  prograa  and  tha  problea  araa  lt  addraaaaa.  Tha 
following  aectlon  dlscuaaas  tha  blstc'y  of  tha  technical  foundation  upon  which  TIHPLAk 
la  being  built.  Tba  next  section  dlaeusaes  tha  scope  of  tba  prograa,  la  particular,  bow 
tha  raaaarch  goala  of  this  advanced  davalopaant  prograa  are  different  fron  thoaa  of  tba 
earlier  exploratory  davalopaant  prograaa.  Finally,  before  tha  tlaa  to  the  DAkPA 
prograaa  ara  dlacueaad,  a  short  dlscaaaioa  of  the  problea  araa  la  presented. 
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IMPIASTIDCTUII 


figure  1 

Strategic  Coapatlai  Prograa  Structure 


TIMPLAI  Prograa  tlatory 

Tha  roota  of  TIMPLAI  bo  (an  In  tha  lata  1970'a  with  t  ba  Knovladga  Baaad  Syataa 
(IION)  prograa  undar  Dr.  Carl  laglaaaa  at  tha  MIT1I  Corp.,  Badford  NA.  Early  anpport 
for  thla  offort  caaa  fror  tha  Air  forea  Offica  of  Scientific  Kaaaareh  (APOSI),  DAIPA, 
aad  BADC  alt h  latar  anpport  coning  fnlljr  froa  IADC.  An  objective  of  thla  exploratory 
daaalopaaat  prograa  aaa  to  ahoa  If  or  bon  AI  technique*  could  bo  appllad  to  a  rcaourca 
allocation  plaaalag  problaa.  Thla  affort  daalt  alt!:  only  oaa  portion  of  tha  ATO 
gaaaratloa  problaa!  tanking  for  Offanalve  Countar  Air  (OCA)  nlaalona.  I  MOBS 
•ocean fully  daaonatratad  t'oat  Al  technique*  ara  appllcabla  bat  la  notablo  aora  for  lta 
latagratad  aaa  of  aavaral  knoaladga  rapraaant  at  Iona  i  production  rulas,  fraaaa. 
fraaa -baaad  cona trisl nt a ,  and  natural  languaga  uaaga. 

TIMPL/'  la  building  upon  thla  tachaology  aa  nail  aa  that  froa  tha  KMOBS  loplannlng 
Syataa  (111),  tha  p  rail  al  aa  ry  TIMPLAI  daalga,  and  antanalaa  work  on  Han  Macblna 
Iatarfaeo  (MM1)  laauaa  dano  by  tha  Air  Porca  Baaaa  laaourcaa  Laboratory  (APBIL)  at 
Hrlght-Pattaraoa  API.  OB.  Aftar  a  alx  aonth  affort  on  tha  prallalaary  daalgn,  tha 
praaont  TIMPLAI  prograa  aaa  daflaad  alth  raapact  to  coat,  aeopa,  and  achadula.  Tha 
raaaltlag  coapetltive  procuraaant  andad  alth  an  award  In  Saptanbor  198)  to  TIV  Syatana 
laglaaarlag  and  Davalopaant  Dial •  Ion,  ladoado  Baacb  ,  CA. 

TIMPLAI  Seopa  aad  laaaareh  laphaala 

Tha  aaln  tank  of  tha  TIMPLAk  Adaanead  Davalopaant  Modal  (ADM)  will  ba  to  aaalat 
planaara  la  laaaratlag  an  anttra  ATO.  Tha  aarliar  afforta  plannad  only  ona  alaaloa  typo 
aad  only  ona  alaalon  at  a  tlaa.  TIMPLAI  nuat  daal  alth  tha  ahola  apaetrua  of  alaaloa 
typaa  |  figure  2  (3)  llata  tha  nlaaloa  typaa  and  glaaa  a  hrlaf  daaerlptloa  of  aacb. 
TIMPLAI  aaat  alao  allow  nultlpla  planner*  to  work  la  parallal.  Thla  ralaaa  tha  laana  of 
dlatributad  procaaalng.  Thu  a  tba  acopa  of  tha  problaa  doaaln  la  graatly  axpandad  ovar 
aarliar  afforta. 

In  addition  to  tha  change  of  aeopa,  thora  la  a  change  of  raaaarch  aapbeala  whan 
aowlag  froa  exploratory  davalopaant  to  advanced  davalopaant.  Tha  TIMPLAI  ADM  aaat  ho 
"near  operationally  rohaar."  Thla  eatalla  aovarel  raqalraaaata.  Plrat  aora  raallatlc 
data  will  ha  aaad  la  the  data-  aad  kaovledga-beeee.  Second  tba  Man  Machine  Interface 
(HMI)  aaat  ba  built  alth  tba  planning  procaaa  aad  operational  envlroaaeat  la  alad. 
Clone  Interaction  aad  f regnant  feedback  will  ba  aaadad  to  eanura  that  TIMPLAI  la  unable 
by  field  level  paraaaael.  Third  alnea  tba  ADM  la  not  Intended  to  actually  be  fleldad 
tha  following  laauaa  '  .ad  not  be  addraaaadi  nlllterlaed,  TIMP1ST ,  or  raggadlaed 
hardware)  power,  weight,  and  trana  port  ability  raqulraaent* )  operational  aecarlty  and 
aalat  aaanca. 
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Another  result  of  requiring  tha  aystaa  to  ba  'aaar-oparatlonsl*  la  tbat  n 
opatatloaal  acanarlo  will  ba  uaad  to  cast  aad  awalaata  tba  flaal  APM.  latbar  thaa  tty 
to  balld  a  ayataa  generic  enough  for  all  of  tba  tactical  air  forces,  IltPUl  la  targeted 
at  oaa  of  tbaa  la  particular,  gxparlaaca  baa  abeaa  tbat  aaay  'gastric'  ayataaa  prata  to 
ba  oaly  aarglaally  uajful  to  Boat  aad  wary  useful  to  aoao.  A  CHT1P  aeaaarlo  waa 
cboaaa,  la  part,  bacawaa  of  CH'lP'i  atroag  lataraat  la  gattlag  aora  awtoaatloa. 
(Ciw tap  la  tba  At  coaponoat  of  0SCEMTCOH,  tba  unlftad  coaaaad  wboaa  araa  of  Interest  la 
Sootb  Watt  Aala  aad  tba  Mlddla  East.  CEMTAF's  aajor  paaca  tlaa  coaatltuaat  la  0 SAP's 
9th  AP.) 


CAS  -  (Praplaaaad)  Cloaa  Air  Sapportt  alaaloaa  agalaat  targata  tbat 
ara  la  tha  laaadlaca  raaga  of  tba  battlaflaldi  Boat  CAS  la  aot 
prapiaoaad. 

OCA  -  Offensive  Couatar  Ain  Include*  alaaloaa  that  dagrada  tba 
aoaay'a  capability  to  gaaarata  aortlaa  aad  establish  air  superiority j 
offensive  la  aatora,  tha*  airfields,  radar  ayctaas,  ate  ara  coaaoa 

targata. 

DCA  -  Defensive  Coaatar  Air:  aa  abot*  a  typ*  of  Coaatar  Air  but 
raactlva  to  caaay's  laltlatlvai  lacladaa  Air  Dafaaaa,  Kacort,  tad 
Coabat  Air  Patrol  (CAP). 

AI/BAI  -  Air  Interdiction  /  Battlaflald  Air  latardlctloa:  lacladaa 
alaaloaa  tbat  daatroy  aaaay  raaourcaa  bafora  they  can  b*  brought  to 
boar  on  tha  battlaflald;  tba  dlffaraaca  batwaaa  tba  two  la  rqlatad  to 
tha  die taaca  froa  battl*  llaa*  and  tba  aaount  of  coordlnatloa 
raqulred  batwaaa  air  and  land  forest. 

RECCE  -  daconaalaaaac* :  lncludaa  alaaloaa  that  gatbar  latalllgaaca 
data  bafora  and  aftar  other  daatractlwa  alaaloaa 

Taakar:  a  typa  of  support  alaalon  but  listed  separately  bacauat  of 
Its  laportaaca  to  tba  CENTAP  detain;  wbara,  wbon,  how  aucb,  and  to 
whoa  fuel  la  off-loaded  la  specified  la  tb  ATO. 

Mission  Support:  Include*  alsalona  for  electronic  warfare  and  dafaaaa 
suppression. 

Plgura  2 
Mission  Types 


Air  Tasking  Order  (.as*  rat  low 

Tb*  Air  Tasking  Order  (ATO)  Is  a  docuaaat  tbat  task*  tba  air  raaourcaa  of  all 
subordinate  units  on  a  dally  basis.  Tb*  tasking  it  doa*  by  the  Coabat  Plaaa  division  of 
a  Tactical  Air  Control  Canter  (TACC)  (or  Its  equivalent).  Tba  TACC  Is  a  tbaatar  level 
organisation  and  yat  tha  tasking  la  quit*  detailed  aad  specific.  Ivory  thing  froa  tba 
tlaa  over  target  to  wbara  aerial  refueling  will  taka  place  1*  specified;  figure  3  lists 
tha  ltaaa  which  are  specified  for  each  alsaloa.  la  order  to  bast  oaa  tb*  available 
alrpowo-  aaay  relationship*  batwaaa  tasking  ltaas  nust  be  considered.  A  alnpla  exaaple 
la  the  relationship  batwaaa  aircraft  aad  waapoas  load  (they  auat  ba  conpctlbla).  A  nor* 
complex  axaapla  la  tha  relationship  batwaaa  alsalons  which  use  tha  sane  refueling 
rasourc*  but  which  hav*  different  targsts  and  objective*. 


Target  Aircraft  Ordinance  (Weapons 

PD  (  Probabl  llty  Mo  of  Aircraft  load) 

of  destruction)  Airbase  Eafualing  Service 

TOT  (Tina  over  Uni  t  (Wing  or  Call  Sign 

targit. )  Squadron)  Transponder 

TO  (Tin*  of  departure)  frequency 


figure  3 

ltaaa  specified  la  an  ATO 


Presently  ATO  goaaratlon  la  a  langthy  aad  naapowar  Intensive  process.  Tb*  planning 
tins  la  oa  tb*  order  of  12  boars  aad  tb*  lntalllgsac*  data  scad  nay  ba  sa  ola  as  36 
hours.  Over  30  paoplo  are  required  by  tha  Coabat  Plea*  division  to  gaaarata  an  ATO. 
Tbara  era  two  aapacts  of  ATO  generation  tbat  caa  b*  laprovad  by  conputar  automation. 
Tha  first  la  tha  nachanlc*  of  tha  procass  aad  tha  ascend  la  tha  higher  level  decision 
procaaa.  TEMPLAR  will  balp  with  botb  aapacts.  TEMPLAR  could  radace  tb*  tins  by  a 
factor  of  tbrao  (3)  to  six  (6)  aad  naapowar  raqulraaauts  by  four  (4)  to  tea  (10). 
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nrui  n<  tba  >tnt«|le  Owpatiag  rn|tn 


One  ittH|  link  kttvMB  IIWUI  and  th<  ttnttfle  Coaputlag  froncii  (SCP), 
lrragardloaa  of  prograaaetlc  tlea,  1*  tba  technology.  Ink  >n  11  |rt|tiH  loo teed  of 
prograae  tkat  oaa  11.  da  aantloaad  above  tba  SC?  la  aedreoeleg  n  otdo  raago  of  aroaa 
apaaolmg  tho  apoctrao  froa  hardware  to  aoltwara  aad  free  dl  prograa  aaaogaaoat  to  eyatea 
<1*  to  lop  bo  at  auvl  roraeata .  Ia  foot  <«o  to  tho  broad  aeopa  of  tba  prograa  It  baa  often 
baa  a  doaerlbod  aa  tba  Dl  roapoaao  to  Japaa'a  fifth  Generation  Prograa.  With  roforaaca 
to  tho  ICP'a  pyraald  otroctura  (flguro  1)  half  of  tho  ala  tachaology  aroaa  ldaatlflad  la 
tba  loval  labolad  'Intelligent  faaetloaal  Capcbllltlaa*  a ra  ralanat  to  TEMPLdE.  Thoao 
tbroa  oraaa  ora  lapart  Syeteae,  plaaalag  aad  kaaaoalag,  and  gataral  Language. 

Tho  oaa  of  Ixpart  Syateaa,  aad  Plaaalag  aad  kaaaoalag  tochaologlar  la  evident  la 
aora  thaa  juat  TIHPLdk'a  aaaa.  Tba  ayatoa  alll  aaalct  plaaaon  by  chaeklag  relevant 
eoaatralota,  offering  eoggea tlono ,  plaaalag  datalla  laft  unapec' fled  by  tba  aoor,  aad 
oaplalalag  lta  oaa  raaaoalag.  TEMPLdE  will  not  ha  jaat  a  rala  baa  ad  axpart  ayatoa.  Tho 
tachaology  baaallao  oyatoao,  tlOlt  and  EES,  do  oaa  ralaa  bu"  aloe  aao  beirercLleil 
f  ra  aa  t  (a  la  Harwln  Nlaaky)  aad  fraaa  baaad  eoaatralota.  TUPLdt  will  alao  oaa  thoao 
anowladga  rapracoatatloao .  Thaa  raaaoalag  aay  bo  baaad  on  laharl tattoo ,  eoaotralata, 
ralaa,  or  a  cooblaatloa  tharaof. 


TENPLdE  la  alec  ualng  Natural  Language  teebaology.  Tba  natural  Language  Interface 
will  ba  oaa  of  thraa  waya  to  lataract  with  tha  ayatoa.  Ia  addition  to  aolag  a  naan  node 
or  a  grapblca  nodo,  uaota  will  ba  abla  to  lrtoraet  with  typewritten  tagllah  aaat  meet. 
Tbeao  aaatoncae  noad  not  alwayo  bo  coaplota  or  graaaatleally  eorroet  aa  long  aa  thay  aro 
1j  context,  l.a.  tha  ayotoa  aaat  ba  abla  to  handla  alllpalo  aad  anaphora.  Plgura  4 
glvea  oxaaplaa  of  both  alllpala  aad  anaphora. 


CONTEXT 


CO  EE  ENT 


Daori 


TEMPLdE t  ... 

Daori  Dooa  kaaatala  bare  any  f-lSat 
TINPL.'ti  Tea,  kaaatala  baa  24  M3  aircraft. 


Dooa  HabaT 
(Elllpala ) 


Oaart  dra  they  ready  to  taka  off! 
(dnap bora ) 


INTEkPkkTATI ON  -->  Dooa  Naha  have 

aay  P-15aT 


"*>  dra  tba  P-15  a  ready  to 
taka  offf 


Plgura  4 

Exaaplaa  of  E.lllptla  aad  daaphora 


TENPLdE  and  tba  dlrLaad  Battle  Manage  oaut  Prograa 

Tha  dittoed  Battla  Maaagaaaat  Prograa  (dLBM)  waa  Initiated  at  DdBPd  la  FT  19*4  and 

tha  Joint  DdBPd/ US  dray  prograa  waa  aatabllahad  la  Jaaa  1915  [4].  Thu  a  tba  dLBM  joined 

tba  DS  Navy'o  Carrier  Battle  Group  Syatoa  prograa  la  tha  Battla  Maaageaaat  application 
area  of  tba  S'CP.  Ia  Septaabar  1985  an  lnduetry  briefing  war  hold  on  tha  dLBM  background 
and  object  tree .  TMe  aactloa  looka  at  tho  Hake  aad  alallarltlee  batoaaa  tho  dLBM  and 
TENPLdE. 

The  dLBM  briefing  otraeaad  aawarol  Idaaa  about  bow  dl  aad  Ixpart  Syataaa  tachaology 
ahould  ba  uaad  la  tba  dlrLaad  lattlw  earl  ronaeat.  The  briefing  neatloaed  that  prevloua 
Ixpart  Syataae  (IS)  have  aaturod  la  tha  haada  of  uaara.  Tbarafora,  tba  dLBM  ragulreo 
Interact  let  batwaaa  tha  dawalopaaat  coatractora  and  DS  dray  paraoaaal.  Ia  particular, 
two  earvlca  achoola,  at  Porta  Laawnaworth  aad  Sill,  will  ba  Involved  la  tba  knowledge 
acqulaitloa  aad  aaglaaarlag. 

TENPLdd  la  oloo  Involving  operational  aaara.  kaproaaatatlvaa  "too  HC  TdC  and  9th 
4F  (CINTdP)  have  participated  la  propaaal  avaluatleaa  aad  varii.  ••  prograa  review 

enetfiige.  Vldar  roproaontatloo  to  laclade  12th  dp,  DSdPE ,  and  PdCdP  la  expected  at  tba 

Dealgo  Plan  review  (Mar  <{)  and  tha  Fonctloaal  Deacrlptlon  review  (Oct  8t).  dleo,  tbaro 
waa  extoualve  uoar  lavolvoaaat  aad  feedback  la  tha  daalga  of  dFHIL'a  Tactical  dir 
Oporatlona  Tone  Training  Syatoa  (TdOTTS)  which  la  being  Incorporated  Into  TEMPLdE. 


Tha  dLBh  prograa  etraetnree  dray  operatloaa  lata  .lvo  faaetloaal  catagoriaa;  thay 
are  Haaaavor,  Fire  Sapport,  dir  Dofaaaa,  Iatel/Elect roalc  Warfare,  aad  Coabat  Service 
Support.  Two  of  tha  faaetloaal  aroaa,  Maaaavar  aad  lira  Sapport  aro  coaaldorad 
.-a  preventative  aad  eapaelally  lapartaat.  Tba  dLBM  ratal  ree  two  axpart  ayataaa  called 
HOTBS(C)  aad  PIBXS(C)  to  ba  kvllt  for  Carpa  level  operatleae  aad  oaa  called  MOVES! D)  for 
Olvleloa  level  i  figure  5  (4)  abawa  t bo  rolatloaablp  batwaaa  tba  required  Eta.  Tba  tbroa 
oaparata  ISa  aaat  ceaaualcato  with  oaa  aaothar  daaoaa t rating  both  borlaoatal  (Corpa  to 
Carpa)  aad  vortical  (Corpa  to  Dlvlaloa)  lataract  Ion. 
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la  addition  to  th*  Individual  conaunl ca t In*  aapart  ayttana,  tba  ALhH  progrsa 
require*  chat  a  cuatonlaad  ayete*  axpxnalon  tool  eallad  ST**  bo  bnllt.  STA*  wovld  allow 
additional  coaaunlca'tlng  IS*  to  bo  eaaily  bnl'c  /or  tin  rtanla'og  functional  area*  at 
both  Corpa  and  Dlvlalon  lavnl. 

TEHPLAg  la  not  uaarly  aa  anbltloaa  In  thla  regard,  but  doaa  aupport  r ha  ua*  of  AI 
ayatea  building  tool*.  Oca  of  tha  TtV  taan  contractor*  1*  Carnegl*  Fadaral  Syataaa  of 
Carnagla  Croup,  Inc.  (CCI),  Pittsburgh  PA.  CGI  hat  riavalopad  two  connarclally 
available  AI  tool*!  Knowledge  Craft(TH)  and  Langnagn  Ctatt(TR).  Knowledge  Craft  la  a 
ant  of  toola  or  building  block*  for  craatlag  ISa.  fnu  ar*  cot  required  to  ua*  a  certain 
**t  of  AI  paradlgna,  for  axanpla,  forward  chaining  pin*  production  ruin*  plu*  an 
lofaranca  cat.  Thus  It  it  «wt  •••  1 1  m  an  ES  daw  lop  rout  aavl  ..'ouaact .  Language 

Craft  la  a  cat  of  toola  that  allow*  a  graaaar  wrltar  to  easily  craat  •  a  cuatonlaad 
Natural  Language  (Hu)  Interfere.  It  la  not  aa  generic  a*  Knowledge  Craft,  l.a.  it  doaa 
not  allow  different  NL  procnaalng  paradlgna.  Language  Craft  la  baaad  on  the  caie  free* 
lnatantlttlon  approach. 


A  final  link  between  the  ALBN  end  TEMP  LAI  to  be  dlacueaed  la  the  alallarlty  of  the 
problea  area*.  Tha  Amy  haa  the  OP  OSD  or  Operation*  Order,  while  th*  Air  Pore*  haa  tb* 
ATO.  Both  order*  taak  autordlnate  unit*  baaed  on  guidance  froa  higher  1*7*1*,  both  aunt 
coaaldor  the  constraint*  or  relationships  between  coaponant  action*,  and  both  ar* 
lergthy  and  aanpower  Intenalv*  proceaaa*.  Duo  to  thla  alallurity,  on*  of  tha  two  foraal 
d*  none  t  ra  t  ion  a  of  TEHPL/K  will  be  a  part  of  the  ALBN  phase  II  deaona  tra  tl  on*  at  Port 
Leavenworth,  Kanaaa,  In  the  fall  of  1987. 


Th*  Tatar*  for  (Naturally  and  Artificially  Xttelllgeat)  Military  r.taanara 

The  future  for  ailltary  plaenara  with  natural  lntalllgeac*  la  proaialng.  Thar* 
will  he  ante  tie*  for  th*  high  level  decialon*  on  atrataglea  and  tactic*  with  leva  tine 
apent  on  auadane  bookkeeping  and  ouabe-  crunching  detail*.  Tb*  added  flexibility  will 
allow  Increasingly  jop hr* lie* t ed  end  coaplex  planning  to  be  done  TINPLAI  technology 
will  allow  nor*  eiflclent  and  effective  uae  of  reaourcea  and  thu*  Letter  application  of 
tactical  sirpowv.-. 

The  future  for  planner*  with  artificial  Intelligence  le  alao  proalalng.  A 
auccaaaful  TIMPLAE  ADM  will  clarify  whi*t  araaa  need  additional  reaaarch  and  what 
capabilities  can  b*  fully  autonatad.  1  follow-oo  syatan  will  h*  wall  deftnad  and  ready 
for  Insertion  or  tha  latest  adiacaa.  The**  advance*  nay  b*  fron  iba  Strategic 
Coaputlng  tnch  base  (a.g.  tb*  Conpact  I  ’SP  Machine  hardware),  fron  laaaona  learned  in 
tha  AlrLand  Battle  Managaaant  prograa,  r  fron  onglng  raaaarcb  In  raplanrlng  (or  real 
tin*  planning)  at  EADC  a.p.  AMPS  (A  Nat  a  level  Planning  Syeten). 
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DISCUSSION 

R.  Voles,  UK 

You  have  said  that  the  natural  language  Input  to  TEMPLAR  is  "free  form'**  Out  son.a  conatralnta 
muet  exist.  Could  you  kindly  eay  whst  they  are. 

P.F.H.  Prleat 

Most  queries  mud-  in  the  eyetem  within  tne  mieeion  planning  domain  are  correctly  understood  on 
tha  first  attempt.  Very  few  queries  need  to  be  restated  acre  than  twice. 

S. C.  Boehmwr.  USA 

What  hardware  does  TEMPLAR  uae  and  what  hardware  will  be  ua.td  for  BLUK  FLAG? 

P.F.H.  Priest 

Symbolic  3670  or  3640.  ** 

R.J.  Scott-Mileon,  UK 

What  optimisation  is  carried  out  on  tha  plana  produced  and  what  criteria  are  employed  for  such 
optimisation? 

P.F.H.  Priest  ..... 

Each  individual  mins ion  la  optimised  to  provide  a  plan  which  ia  consistent  with  the  constraints 
that  the  user  provide  for  that  particular  mission.  There  ia  no  global  optimisation.  AMPS,  a 
follow  on  effort  to  KRS ,  will  deal  with  this  problem. 
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KRS,  A  Knowledge-Based  Mission  Planner 


Lt  Kevin  M  Benner  and  Lt  Michael  L  Hilton,  USAF 
koae  Air  Developaent  Center/COBS 
Oriffiaa  APB,  RT  1)441-9700 
United  Stataa  Of  America 


ABSTRACT 

KRS  it  a  knowledge-baaed  system  for  planning  offenaive-countar-air  elaaiona.  MRS 
aidea  human  planner a  In  preparing  Air  Tanking  Order*.  KRS  can  either  be  uaed 
interactively  aa  a  pi  .n  verifier  or  autonomously  aa  a  plat,  generator.  KRS  inform* 
the  user  of  any  logical  or  doctrinal  inconsistencies  in  a  plan,  and  keep*  track  of 
resources  and  target  status.  Users  can  coaaunicate  with  KRS  via  u  natural  language 
interface,  pop-up  annua,  or  a  aouaa  pointing  device.  This  paper  presents  an  overview 
of  KRS'a  capabilities,  its  knowledge  representation  schemes,  how  KR8  verifies  plans, 
and  how  plana  are  autcaatically  generated.  _ _ 


INTRODUCTION 

KRS  (Knowledgo-baaed  Replanning  Syataa)  is  a  state-of-the-art  aisaion  planning 
ayatea  that  helps  a  huaan  planner  create  and  manage  multiple  offensive-counter-air 
alas Iona  by  verifying  plan  consistency  ind  tracking  resource  availability  and  usage. 
KRS  make*  heavy  use  of  Artificial  Intelligence  tsenniquta,  i*  programmed  in  LISP,  and 
runa  on  a  Syabolics  Lisp  Machine. 

KRS  is  the  result  of  over  twenty  man  years  of  research  and  developaent  in  the 
application  of  artificial  intelligence  technology  to  the  planning  domain.  KRS  has 
been  developed  by  the  NITRE  Corporation  in  Bedford,  Massachusetts,  for  usaf's  Rot's 
Air  Development  Center.  It  ahould  be  amphaalsed  that  KRS  is  a  research  project  aimed 
at  exploring  the  Issues  Involved  in  automated  and  seai-autoawtad  mission  planning, 
and  is  not  a  product  ready  for  use  in  the  field.  The  goal  of  this  paper  is  to 
describe  KRS'a  capabilities,  how  they  are  used,  and  how  they  work. 

WHAT  KRS  DOBS 

In  its  current  operating  scenario,  KRS  in  located  at  an  Allied  Tactical 
Operations  Canter  (ATOC)  in  Europe  and  in  used  to  aid  aisaion  planners  in  the 
production  of  Air  Tasking  Orders  (ATOa) .  KRS  is  limited  to  planning 
Offcnsive-Counter-Air  (OCA)  missions  and  their  associated  support  missions, 
refueling,  air  ejeort,  and  Surface-to-Air  Missile  (SAM)  suppression. 

KRS  in  properly  thought  of  as  a  "partner"  in  the  aisaion  planning  process.  KRS 
can  be  uoed  interactively  by  the  user  us  a  data  base  and  a  plan  verifier,  or  it  can 
automatically  generate  ATOs  with  minimal  huaan  input.  As  a  data  base,  KRS  knows 
about  resource  availability  and  allocation,  target  defense  status,  and  weather 
conditions.  KR8  can  also  be  used  to  access  facts  about  different  aircraft,  ordnance, 
and  target  types.  In  its  plan  verification  role,  KRS  checks  to  sake  sure  a  mission 
plan  is  logically  consistent  (e.g.  the  aircraft  to  be  used  are  available  at  the  base 
to  be  used)  and  does  not  violate  current  alrwar  doctrine.  The  interactive  and 
autcplanning  modes  of  KKS  can  be  freely  mixed  —  a  user  can  plan  as  such  of  the 
mission  as  desired  and  automatically  plan  th*  rest.  Conversely,  if  a  uoer  does  not 
like  th*  plan  generated  automatically  by  KRS,  th*  plan  can  be  modified  interactively 
until  it  ia  acceptable  to  th*  user. 

KRS  has  a  sophisticated  multi-media  user  interface  that  utilises  natural 
language,  windows,  a  "mouse"  pointing  device,  and  color  graphics.  Th*  user  is  free 
to  mix  th*  form  of  input  in  any  way.  Th*  natural  language  subsystem  is  based  upon 
conceptual  dependency  and  scripts  [PAl>B3a,  FAlIS3b).  Natural  language  can  be  used 
to  query  th*  data  base  ("where  ia  th*  longest  runway  located?")  or  to  direct  eh* 
planning  of  a  mission  ("Bit  X's  runway  with  3  F-lllB  aircraft").  KRS  has  a 
vocabulary  of  about  100  words  and  is  capable  of  handling  anaphoric  references  and 
acme  ungrammatical  input.  KRS  uses  scripts  to  help  guide  the  user  through  a  mission 
plan  by  asking  questions.  The  user  can  choose  to  ignore  KRS'a  attempt  at  a  dialogue 
and  plan  the  mission  in  whatever  order  he  wishes. 

Figure  1  shows  a  typical  KRS  display.  Th*  window  in  th*  front  right,  labelled 
OCA1003  is  an  actual  offensive-counter-air  mission  plan.  The  area  labelled  B  has  th* 
"slots"  composing  the  plan.  tach  slot  ia  a  piece  of  information  about  the  plan. 
Bach  OCA  mission  has  13  alotm  target,  probability  of  destruction,  aircraft,  unit, 
airbase,  ordnance,  number  of  aircraft,  time  of  departure,  time  over  target, 
refueling,  call  sign,  frequency,  and  transponder.  (The  last  three  slots  ar* 
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generated  automatically  by  KM  and  are  not  supplied  by  tha  uaar.)  OCA1003  la  shown 
aftar  planning  waa  initiated  by  typing  *Klt  Nerseburg'a  runway  with  3  F-lllB*  at  tha 
KM  top-level  window.  As  you  can  see,  KM  waa  abla  to  fill  several  plan  slots  froa 
thla  sentence)  nerseburg'a  runway  la  tba  targat,  F-lllE  la  tha  aircraft,  and  3  la 
the  number  of  aircraft. 

Figure  2  ahowa  how  KRS  informs  tha  uaar  of  plan  conflicta.  Tha  uaar  haa  asked 
for  a  Hating  of  all  tha  alrbaaaa,  and  than  haa  told  KM  to  uaa  Kahn  Air  Baaa.  In 
KM 'a  data  baaa  there  ara  no  F-llll'a  at  Kahn,  ao  KM  highlights  tha  conflicting 
valuea  In  invaraa  video.  In  thii  exaaple,  Doth  tha  alreraft  alot  value,  F-lllB,  and 
tha  airbaaa  alot  value,  Kahn,  ara  highlighted.  A  naaaaga  la  alao  printed  out 
explaining  that  Kahn  doaa  not  hava  any  F-lllE  aircraft.  Tha  uaar  can  either  delete 
the  value  for  one  of  the  conflicting  alota,  or  can  apecify  another  value  for  the 
alot.  Whan  the  conflict  la  raaolved  the  highlighting  diaappeara.  Conflicta  ara  the 
reaulta  of  conatraint  violationa,  which  will  be  discussed  later.  Thla  conflict  could 
have  been  avoided  by  aaking  KM  tc  list  the  alrbaaaa  acceptable  for  thla  mission,  and 
only  alrbaaaa  that  nod  at  leaat  3  F-llll'a  would  hava  been  llatadi  Kahn  would  not 
have  been  one  of  then.  Llating  the  acceptable  valuea  for  a  alot  la  called 
'enumeration*  In  KM  jargon.  When  KM  la  aaked  to  anunarata  tha  acceptable  "Slues 
for  a  alot.  It  takes  Into  account  all  the  infornation  it  know*  about  the  current 
plan.  If  you  are  attacking  a  runway  with  F-lllB'a  and  aak  about  ordnance 
possibilities,  MS  only  suggest  thoae  ordnances  which  are  suitable  for  runways  and 
that  are  carried  by  an  F-lllS.  If  you  were  using  F-4C'a,  KM  would  suggest  a 
different  list  of  ordnances. 

The  nouse  nay  also  be  used  to  fill  in  slot  values.  The  user  places  the  nouae 
cursor  on  a  plan  slot  and  clicks  a  button  on  the  nouae  corresponding  to  *add  value.* 
A  snail  window  pops  up  and  the  user  types  in  the  value  for  the  alot.  In  general, 
anything  the  user  can  do  with  the  keyboard  can  alao  be  done  via  the  nouse,  and  vice 

versa. 


slots  have  several  other  nouseable  options  besides  'add  value*)  they  can  be 
enunerated,  ordered,  and  explained  via  tha  nouse.  Enumerating  a  alot  lists  the 
possible  legal  valuea  for  a  slot.  Ordering  a  alot  is  more  usaful  than  enumerating  — 
KM  ranks  the  choices  and  suggests  which  choice  would  be  beat.  Not  every  slot  can  be 
enunerated  or  ordered)  the  plan  slots  that  deal  with  tine,  for  exaaple.  Ordering  is 
done  by  sorting  the  enunerated  values  according  to  a  rating  function.  For  exaaple, 
the  rating  function  used  for  ordering  ordnance  choices  la  the  single  aircraft 
probability  of  destruction  using  each  ordnance. 

KM  also  uses  high  resolution  color  graphics  to  display  gaographlc  data.  As  tha 
user  plans  a  aiasion  the  target,  airbaaa,  and  refueling  orbits  are  displayed.  The 
user  can  also  plan  missions  by  mousing  on  targets  and  bases  displayad  on  the  graphics 
display.  Target  and  airbase  inforswtion  can  be  displayed  using  anglish  commands  such 
as  'show  all  the  long-track  radars*  or  ‘show  all  the  West  German  bases.*  One  display 
particularly  useful  for  planning  shows  the  surface-to-air  missile  sites  (and  their 
threat  radii)  which  defend  a  given  target. 

The  data  base  in  KM  can  be  updated  to  reflect  changes  in  the  state  of  the 
world.  Intelligence  reports  can  be  entered  to  Inform  KM  of  changes  in  force  status, 
enemy  SAN  activity,  and  weather  conditions.  If  any  plans  KM  knows  about  are 
invalidated  by  these  changes,  KRs  Informs  the  user.  KRS  can  either  make  suggestions 
about  replanning  or  replan  the  missions  to  avoid  new  conflicts  if  possible. 

One  more  noteworthy  feature  in  the  KRS  user  interface  is  the  ability  of  a 
planner  to  restrict  the  valuea  of  certain  plan  slots.  For  example,  KRS  might  be  told 
to  strike  a  targat  between  0800  hours  and  1030  hours,  or  to  use  either  Hahn  or 
Sembach  as  the  airbaaa.  Conversely,  the  user  can  also  tell  KRS  not  to  use  Hahn  or 
Sembach.  The  number  of  values  that  a  slot  nay  be  restricted  to  is  not  limited  to 
two)  any  number  of  the  possible  values  for  a  slot  may  be  restricted. 

Host  of  the  preceding  discussion  dealt  with  planning  of fenalvs-counter-alr 
missions,  but  all  of  the  discussion  can  be  generalised  to  Include  planning  support 
missions.  KM  provides  a  framework,  called  a  package,  for  integrating  an  oca  with 
lta  support  missions.  Bach  package  can  be  given  a  priority  by  the  user.  This 
priority  is  used  to  determine  which  missions  get  critical  resources  if  there  is  not 
enough  to  go  around. 


BOW  KM  WORKS 

Internally,  KRS  uses  five  different  forms  of  knowledge  representation)  the 
dictionary,  fres-a,  templates,  constraints,  and  rules.  Onderstanding  how  each 
representation  is  used  and  bow  it  la  related  to  the  other  representations  gives  a 
broad  overview  of  how  KR8  works.  Bach  of  the  knowleoge  representations  will  be 
discussed  separately. 

The  dictionary  stores  word  meanings  and  senses  used  by  the  conceptual  dependency 
parser.  the  parser  provides  KM  with  a  limited  capability  for  understanding  natural 
language  input.  Currently  the  dictionary  contains  about  100  words.  The  user  can 
easily  add  synonyms  to  words  already  in  the  dictionary.  With  mors  effort  it  is 
possible  to  define  adjectives  that  refer  to  some  attribute  slot  of  a  frame. 


Frames  tn  uued  to  represent  objects,  such  aa  aircraft  or  enemy  search  radara. 
Fraaaa  (tore  values  for  naaad  attributoa  of  an  object  in  alota.  For  * xxaple ,  if  an 
objoot  haa  a  length  and  you  wished  to  know  lta  value,  you  would  look  in  the  LBMTB 
alot  of  tho  objact'a  fraaa.  Thara  art  two  important  propart laa  of  fraaaa  that  aaka 
thaa  particularly  ueeful  aa  a  knowledge  rapraaantation  achaaat  firat.  a  fraaa  can 
'inherit*  knowladga  froa  a  more  general  tracer  aacond,  fraaa  alota  can  have  ‘daaaona* 
aaaociated  with  thaa.  A  daaaon  ia  a  piaca  of  procedural  coda  that  la  attached  to  a 
alot  that  ia  run  whenever  the  value  of  a  alot  ia  changed  or  acceaaed.  Daaaona  can 
provide  inforaation  about  how  to  fill  a  alot  if  it  ia  empty,  default  valuaa,  and  aide 
af facta  when  accaaeing  a  alot. 

inheritance  allowa  Inforaation  to  be  organitad  in  a  hierarchical  faahlon.  For 
exaaple,  a  fraaa  daacribing  generic  fighter  aircraft  haa  alota  which  capture  general 
inforaation  about  flghtara.  A  fraaa  daacribing  an  F-1S  can  incorporate  the  generic 
fighter  fraaa,  allowing  the  F-1S  fraaa  to  oaptura  Inforaation  unique  to  the  F-15 
without  having  to  duplicate  the  Inforaation  atored  in  the  generic  fraaa.  Theec  two 
fraaaa  can  refer  to  each  other  via  alota  called  AJCO  (A  Kind  Of)  and  XHSTAMCBs.  For 
exaaple,  the  generic  fighter  fraaa  could  have  lta  IKBTAMCBI  alot  contain  polntera  to 
F-4,  F-15,  and  F-lf  fraaaa,  and  eaoh  of  theae  aircraft  fraaaa  could  have  their  AID 
alot  point  back  to  the  generic  fighter  fraaa.  It  a  fraaa  ia  aaked  for  a  alot  value 
it  doeen't  know,  it  looka  to  lta  parent,  the  fraaa  in  the  AKO  alot,  fox  tr.e  value. 
If  the  parent  doaan't  know,  it  aaka  lta  parent,  and  eo  on  until  the  alot  value  in 
gueation  la  found. 

The  natural  language  aubayataa  lnterfacea  with  fraaa  repreaantatlona  in  order  to 
anawer  ueer  queriea.  The  interface  aatchea  up  a  query 'a  aaaantic  repreaentation  (the 
output  of  the  paraer)  with  a  auitable  inferencing  procedure.  (AS  haa  a  wide  variety 
of  lnferenaing  procedural  available  for  anawer  ing  c  canon  quiet  Iona.  For  exaaple,  if 
the  uaar  aaka  ’How  aany  r-4C'e  era  at  Bahn?*,  aeveral  actloni  are  performed  by  an 
inferencing  procedure  to  anawer  this  question.  KM  firat  looka  in  the  fraaa  for  Bahn 
air  base  and  finds  the  fighter  unite  assigned  to  Bahn.  lech  unit  la  aakad  it  it  la 
composed  of  F-4C'«.  if  so,  then  KRS  aaka  how  aany  P-4C's  are  asaignad  to  the  unit. 
KM  then  totals  up  the  number  of  F-4C'a,  tails  the  uaar  the  total  number,  and  gives  a 
breakdown  by  unit. 

Templates  are  a  specialised  fora  of  frame.  A  taaplate  acts  as  a  guide  for 
autoplanning  and  verifying  ■iaaions.  Bach  type  of  aiaaion  (OCA,  refuel,  etc.)  haa  a 
taaplate  telling  what  plan  alota  are  needed  for  the  aiaaion  and  how  to  go  about 
filling  thaa.  The  templates  also  contain  the  constraints  that  apply  to  eaoh  plan 
slot. 

The  fourth  fora  of  knowladga  rapraaantation  in  KRS  ia  constraints.  Constraints 
are  procedures  that  enforce  relationships  between  plan  alot  valuaa.  For  exaaple,  one 
ainpli  constraint  checks  to  aaka  aura  that  if  aircraft  X  lu  to  be  used  froa  airbaae 
Y,  that  X  ia  actually  available  at  airbaae  Y.  If  not,  then  a  conflict  ie  signalled. 
Constr  its  deal  with  the  physical  relationships;  they  verify  the  hardware  chosen  for 
the  aiaaion  ie  available  at  the  right  places  at  the  right  times  and  can  perform  the 
necessary  tasks.  Constraints  are  not  only  used  to  verify  user  specified  slot  values, 
but  also  to  generate  legal  values  for  slots.  constraints  are  used  aa  value 
ganeratora  when  the  uaar  aaka  KRS  to  enumerate  the  possible  values  for  a  given  plan 
alot,  and  by  the  autoplanning  mechanisms. 

The  KRS  constraint  mechanism  is  quite  complex.  A  constraint  cannot  be  checked 
unless  all  the  plan  slots  involved  in  the  constraint  have  bean  given  values.  If  a 
constraint  cannot  be  run  because  all  the  plan  alots  involved  do  not  have  values,  it 
is  put  *on  hold*,  and  run  whenever  the  values  become  available.  The  fraaa  daemon 
facility  is  used  to  coordinate  and  aanage  the  checking  of  constraints.  The  writers 
of  KM  have  given  a  great  deal  of  thought  to  what  a  user  should  be  told  when 
constraint  violations  occur.  If  aora  than  one  violation  occurs,  should  the  uaar  be 
told  about  all  of  the  violations?  For  example,  suppose  a  aiaaion  plan  has  target  x 
and  usee  f-iiib  aircraft.  The  uaar  telle  KRS  to  use  Nlldenhall  ae  the  airbaae.  It 
turns  out  that  two  conflicts  are  violated;  the  distance  to  target  X  from  Nlldanhell 
is  beyond  the  range  of  an  F-1118,  and  there  are  no  F-lllK'a  at  Mildenhall.  lech 
constraint  haa  a  certain  priority  associated  with  it,  which  ia  used  to  determine  what 
inforaation  la  aost  important  for  the  uaar  to  know.  In  'this  particular  eaaa,  only 
the  latter  reason  for  rejecting  Mildenhall  ia  presented  to  the  user.  A  aora  detailed 
discussion  of  how  the  KRS  conatraint  ayatsa  works  can  ha  found  in  IMXLLIS) . 

KM  eaploya  both  forward  and  backward  chaining  rulaa  aa  forma  of  knowledge 
repreaentation.  The  backward  chaining  rules  deal  mostly  with  doctrinal  Issues,  and 
the  forward  chaining  rules  deal  with  force  status  changes  and  intelligence  reports. 
Rules  are  used  in  a  way  similar  to  constrainta,  with  the  added  adwaatege  of  being 
directly  acceaaible  to  the  planner  and  can  be  changed  while  KM  is  running.  KM 
provides  a  rule  editor  that  can  translate  the  rules  froa  LIST  late  vagi i ah  and  also 
translates  user-supplied  changes  froa  englleb  into  LX*?.  Sham  a  rale-baaed 
constraint  ia  violated,  the  uaar  can  query  KM  as  to  why  tbs  violation  occ erred.  CRB 
allows  the  uaar  to  axaaina  the  data  and  rulaa  leading  to  the  violation. 
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The  am  oplanning  mechanism  integrates  aoat  of  the  knowledge  rapraaantation 
schemas,  when  KRfl  la  told  to  autoplan  a  missies.  it  first  looks  to  the  alaalon'a 
template  for  guidance.  Tba  taaplata  r pacifies  tta  ordar  In  which  the  plan  alota 
abould  try  to  be  filled,  nts  enumerator  the  poaaible  valuea  for  each  alot,  and 
chooses  one  value,  us  then  tries  to  fill  In  the  next  alot.  when  a  choice  causes  a 
constraint  violation,  tba  violated  constraint  provides  ns  with  information  about 
which  plan  slots  should  be  changed  in  order  to  sake  the  violation  go  away.  This 
search  art bod  is  known  as  dependency-direoted  backtracking.  KRft  keeps  filling  in 
plan  slots  until  tba  plan  is  ooapl',te.  If  KRS  is  given  a  partial  plan  and  told  to 
complete  it,  ns  will  not  change  the  values  assigned  by  the  user.  If  a  complete  plan 
la  not  possible  for  the  given  partial  plan,  KRS  is  usually  able  to  tell  the  user  why 
a  complete  plan  is  not  possible.  The  user  can  then  change  the  partial  plan  and 
resubmit  it  for  completion. 

From  the  paragraph  above,  it  night  already  be  obvious  that  KRS  returns  the  first 
complete  plan  it  finds  that  doss  not  violate  any  constraints.  US  makes  no  attempt 
to  "optimise*  plans  in  any  way.  an  optimal  plan  is  very  dlfflault  to  produce  (either 
by  mar.  or  machine),  because  there  is  no  set  definition  for  plan  optimality, 
optimality  is  a  quality  that  varies  with  different  situations,  on  one  day  a  plan  nay 
be  optimal  if  it  uses  as  few  sorties  as  possible;  on  another  day  a  plan  may  be  best 
if  it  guarantees  total  destruction  of  a  target  at  any  cost;  another  day  the  safest 
mission  might  be  optimal.  Because  of  these  consideretions,  KRS  avoids  trying  to 
optimise  plans. 

If  KRS  doesn't  optimise  planning  across  many  missions,  what  is  it  good  for**  KRS 
uxcels  at  planning  complete,  valid  plans  quickly.  (These  examples  will  give  you  an 
idea  of  KRS's  speed.  KRS  can  autoplan  a  mission  against  a  single  target  that  will 
requite  serial  refueling  on  both  ingress  and  egress  in  less  than  one  minute, 
including  planning  and  coordinating  the  refueling  flights.  Airbase  X  has  four 
missions  (2  aircraft  each)  scheduled  for  departure  at  0900.  Airbase  X  is  attacked  at 
0730  and  will  be  out  of  commission  until  around  1300.  KRS  is  notified  that  X  is 
down;  it  automatically  finds  other  bases  with  the  resources  for  X's  scheduled 
missions  snd  replans  the  missions  using  the  other  bases.  Whenever  possible,  these 
new  missions  will  have  the  same  time  over  target  and  refueling  rendexvous  an  the 
original  missions.  Three  minutes  after  KRS  is  notified  of  airbese  X  going  down,  it 
has  finished  rescheduling  X's  missions.)  What  KRS  provides  is  greater  flexibility  to 
try  out  several  different  plan  alternatives  before  making  a  final  choice. 

KRS's  POTURE 

As  was  stated  at  the  beginning  of  this  paper,  KRS  is  only  a  research  tool.  It 
was  designed  to  be  a  proof  of  concept  demonstration,  not  a  field-ready  product.  The 
ideas  and  technology  developed  during  the  KRS  project  is  being  applied  by  NITRE  in 
building  AM?S  (A  Meta-Level  Planning  System) .  AMPS  will  explore  issues  such  ss  plan 
optimisation,  the  use  of  global  strategies  in  the  netalsvel  control  of  planning,  and 
dynamic  replanning.  Rome  Air  Development  Center  is  also  working  to  bring 
artliicially  intelligent  mission  plsnning  capabilities  closer  to  deployment  in  the 
field  with  TEMPLAR  (Tactical  Experimental  Mission  PLAnneR).  TEMPLAR  is  a  prototype 
system  for  planning  a  w.de  variety  of  tactical  air  missions,  not  just  OCA's.  TEMPLAR 
is  scheduled  to  be  test'd  at  thu  D8AF  Blue  Flag  exercise  in  late  1987. 
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DISCUSSION 

W.E.  Howell,  USA 

What  is  the  relative  time  comparisons  between  the  KRS  mission  planner  and  a  "manual"  process 
for  the  same  mission? 

K.M,  Benner 

Planning  a  single  mission  with  KRS  takes  about  1  minute.  Planning  10  packages  of  several  OCA 
missions  and  supporting  mission,  takes  approximately  10  -  15  minutes  with  KRS.  Replanning  with 
KRS  takes  approximately  4-10  minutes  depending  upon  how  many  missions  had  to  be  replanned- 
Planning  cf  these  same  missions  by  people  alone  takes  approximately  2-5  times  longer.  There 
are  cases  where  it  takes  even  longer. 

J.  Schmitz,  Netherlands 

In  planning  for  an  OCA  mission,  can  KRS  put  together  a  force  package,  assemble  it  within  the 
current  airspace  constraints  end  plan  for  its  routing  I.A.W.  the  current  airspace  control  orders 
to  avoid  fratricide? 

K. M.  Benner 

KRS  can  put  together  a  package  of  OCA,  Air  Escort,  Sam  Suppression,  and  refuelling  co-ordination 
all  in  time  only.  KRS  does  not  attempt  to  deal  with  the  problems  of  fratricide  or  air  space 
control. 

R.J.  Scott-Wilson,  UK 

In  both  papers,  you  have  read  today,  you  have  stressed  the  use  of  natural  language  input.  In  your 
experience,  do  operators  use  this  facility,  or  do  they  quickly  transfer  to  the  mouse  and  menu  input 
systems  to  improve  speed? 

K.M.  Benner 

Yes.  To  the  trained  person,  mouse  and  menu  are  always  faster.  This  is  still  true  even  If  we 
assume  a  perfect  natural  language  interface.  Natural  language  is  good  for  naive  users  or  ea  an 
intermediate  step  to  speech  understanding. 

P.  Sommaro,  Italy 

Preparing  the  missions  package.  Does  the  system  take  into  account  attrition  parameters? 

K.M.  Benner 

No.  Attrition  rates  were  accounted  for  when  deciding  how  many  sorties  could  be  flown  that  day. 
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DECISION  AID  FOR  THREAT  PENETRATION  ANALYSIS 
by 

ROBERT  J.  KRUCHTEN,  MAJOR,  USAF 
ROME  AIR  DEVELOPMENT  CENTER 
GRIFFISS  AIR  FORCE  BASE,  NEW  YORK  13441-5700 
USA 


SUMMARY!  The  purpose  of  this  paper  is  to  describe  a  concept  for  a  threat 
penetration  unplvsip  decision  aid.  A  proof-of-oonoept  version  of  this  aid  has 
been  built /at  ■RABC  on  a  Symbolics  3670  Lisp  processing  system.  Route  planning 
aids  have  Men  created  in  the  past  to  find  a  path  through  an  area  of  ground 
threats.  Unfortunately  these  aids  tend  to  be  limited  by  a  narrow  perspective  of 
the  threat  environment  and  a  mathematical  approach  that  makes  it  diffloult  to  add 
features.  The  Intent  of  this  effort  was  to  create  an  aid  that  used  heuristic 
reasoning  to  simplify  the  analysis  and  which  had  a  more  global  perspective  of  the 
environment  than  the  existing  aids.  Although  there  has  been  recent  work,  most 
notably  a  T^V  effort  for  ln-fllght  replanning,  that  offers  a  more  global 
perspective  of  the  environment  than  existing  aids,  the  approach  used  in  this  aid 
is  unique.  The  concept  presented  here  offers  great  increases  in  speed  over 
present  route  planning  aids  at  a  slight  loss  of  precision.  In  addition,  the  aid 
goes  beyond  simple  route  optimization  and  can  grow  to  directly  assist  in  choosing 
tactics,  Electronic  Warfare  application,  or  saturation  techniques.  It  also  can 
quickly  add,  delete,  modify  or  move  threats.  It  can  take  on  these  additional 
tasks  by  exploiting  its  speed  advantage  and  data  structure.  This  paper  will 
describe  the  basic  architecture  of  the  aid,  some  of  its  limitations,  its 
advantages,  its  growth  potential,  and  finally  some  recommendations  for  application 
development  and  further  research.  (■ _ 


1.  BACKGROUND: 

RADC  ha«  undertaken  a  major  effort  in  the  area  of  decision  aid  development.  As 
part  of  this  effort,  RADC  has  developed  a  route-planning  aid  to  assist  a  planner 
in  identifying  the  least  lethal  path  through  a  very  dense  threat  area.  This  aid 
does  an  excellent  Job  of  identifying  a  path  and  guiding  the  operator.  In 
particular,  the  aid  makes  maximum  use  of  terrain  masking  in  its  selection  of  a 
route.  Unfortunately,  the  aid  takes  a  relatively  long  time  to  calculate  the 
optimum  path. 

The  approrch  often  used  for  path  optimization  is  called  a  branch  and  bound  search 
with  dynamic  programming.  This  technique  first  constructs  a  state  space  which  for 
a  single  altitude  flight  is  a  two  dimension  array  with  each  cell  representing  a 
xeographioal  position.  Each  cell  of  the  array  has  a  value  corresponding  to  the 
lethallty/tlne  for  that  position.  Given  a  start  location  and  an  end  location  the 
problem  is  to  find  a  path  through  cells  whose  sum  is  the  lowest.  This  is  done  by 
an  algorithm  creating  a  route  from  the  sturt  (or  end)  cell.  The  algorithm  checks 
eaoh  cost  of  each  move  to  adjacent  cells  (plus  the  sum  of  moves  already  taken)  and 
compares  ltT  with  the  cumulative  costs  of  all  previous  moves  rejected.  The  least 
cost  move  is  chosen  (branch)  and  that  route  is  extended  (bound)  and  the  process 
repeats.  As  the  lowest  cost  move  is  always  extended  first,  the  first  route  to 
reach  the  goal  is  the  least  lethal.  If  a  cell  that  had  previously  been  entered  by 
another  route  is  entered  again  by  another  route,  the  second  route  is  dropped  from 
consideration  as  redundant  (dynamic  programming),  (reference  l) 

The  branch  and  bound  with  dynamic  programming  technique  has  the  advantage  of  being 
a  comprehensive  search  without  searching  out  all  possible  paths.  Its  disadvantage 
is  that  it  normsll\  Involves  a  huge  number  of  alternatives.  Thia  occurs  because 
it  must  have  frequent  regressions  to  extend  paths.  The  number  of  routes  examined 
is  thus  a  function  of  the  size  of  the  state  space  and  the  threat  distribution. 
Although  some  techniques  can  be  used  to  speed  this  process,  additional 
capabilities  (variable  altitude,  EW  tactics,  eto)  exponentially  increase  the  size 
of  the  state  specs  (making  it  a  n-dlsenslon  array)  and  thus  exponentially  increase 
the  time  to  complete  the  optimization. 

2.  DECISION  AID  FOR  THREAT  PENETRATION  ANALYSIS  ( DATPA) 

2.1.  DESCRIPTION: 

2.1.1.  DATPA  works  to  simplify  the  search  process  by  draantioally  reducing  the 
number  of  feasible  routes.  The  operating  heuristic  of  DATPA  is  that  it  is 
desirable  to  go  around  threats  or,  in  the  absencs  of  a  threat,  go  straight  toward 
the  goal.  Distance  (fuel)  limitations  will  also  set  limits  on  the  allowable 
deviation  from  a  direct  course  toward  the  goal.  This  dramatically  reduoes  the 
number  of  possible  routes.  In  its  present  state  of  development  DATPA  make3  the 
assumption  that  lethality/unit  time  for  a  threat  is  essentially  constant  across 
its  engagement  envelope.  Note,  this  does  not  mesn  it  is  less  lethal  to  be  at  the 
oenter  of  a  threat  envelope  as  r.t  its  periphery  since  the  time  of  exposure  would 
normally  be  higher  at  the  center.  Obviously,  this  assumption  detracts  from  the 
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purity  of  the  aid,  but  it  allows  for  great  growth  potential. 

2.1.2.  DATPA  uses  a  technique  called  "object-oriented"  prograeaing  where  the 
objects  are  the  threats.  These  objects  have  all  the  characteristics  of  the 
threats,  including  the  nethods  for  avoiding  the  threats,  stored  with  the  threats. 
DATPA  does  this  by  creating  a  seriea  of  data  atruotures.  Tha  first  sat  of 
structures  defines  eaoh  of  the  types  of  threats  in  a  generic  sense.  This  includes 
the  threat  capabilities  against  various  penetrators,  threat  range  at  various 
azimuths,  and  the  susceptabillty  of  the  threat  to  EW.  These  descriptions  use  the 
FLAVORS  functions  of  ZetaLlsp  and  include  all  the  basic  threat  characteristics 
(nethods)  for  going  around  the  threat  without  being  exposed  to  it.  These  data 
structures  are  generic  since  they  do  not  contain  any  information  pertaining  to  the 
specific  location  of  the  threat.  The  nethods  in  the  struotures  require  additional 
data  such  as  the  number  of  penetrators,  type  of  penetrators,  penetrator  speed,  EW, 
etc.  These  additional  parameters  are  automatically  passed  to  the  functions  as  the 
aid  solves  the  penetration  problem.  As  each  actual  instance  of  the  threat  is 
created  an  instance  of  the  flavor  for  that  type  'threat  is  created.  As  this  is 
done  the  terrain  masked  threat  edge  is  calculated  using  a  terrain  masking 
technique  similar  to  that  defined  by  SCT  (reference  2).  The  masking  algorithm 
develops  a  series  of  rays  from  the  threat  location  to  the  point  at  which  the 
threat  is  masked  for  a  given  above  ground  level  altitude.  This  point  is  defined 
as  the  terrain  masked  edge  of  tha  threat.  As  the  terrain  masked  edge  is 
calculated  the  azimuth  dependent  characteristica  of  the  threat  are  also  included. 
This  is  done  by  defining  the  edgs  of  the  threat  as  the  limit  of  terrain  masking  or 
the  threat  range  on  a  "bald"  earth.  The  threat  range  is  contained  in  a  list  for 
that  generic  threat  type  (corrected  for  orientation).  Thus  the  threat  need  not  be 
circular  or  even  symmetrical.  The  calculated  terrain  masked  edge  is  defined  by 
two  lists  (one  being  the  reverse  of  the  other)  that  define  the  point  to  point 
moves  around  the  threat.  These  lists  loop  back  on  themselves  and  form  the 
clockwise  and  counterclockwise  moves  around  the  threat. 

2.1.3.  DATPA  next  constructs  a  large  two-dimensional  array  with  the  array  indices 
corresponding  to  map  coordinates.  In  this  sense  the  DATPA  starts  like  other 
planners,  however  it  differs  from  them  in  what  is  stored  in  each  cell  of  the 
array.  Rather  than  store  only  the  lethality  for  that  map  position  in  each  oell, 
DATPA  stores  a  list  of  each  threat  that  can  illuminate  that  cell  position.  The 
lists  of  threats  are  updated  as  the  rays  for  each  threat  are  extended  for  terrain 
masking.  This  means  that  once  a  cell  is  addressed,  all  threats  of  interest  are 
known  and  through  the  data  structuring  all  the  unique  characteristics  (threat 
location,  type  lethality,  etc)  are  also  known.  In  addition,  since  the  threats 
types  are  known,  the  paths  for  going  around  the  threats  are  also  known.  Finally, 
this  data  also  allows  an  estimated  lethal  exposure  to  be  calculated  for  eaoh  of 
these  paths. 

2.1.4 .  Using  premise  of  moving  on  threat  edges  and  the  data  structure  described 
above,  the  aid  can  construct  a  series  of  routes  from  a  starting  location  to  sobs 
goal.  Each  route  is  constructed  using  the  DEFSTRUCT  function  of  Lisp  and  contains 
the  actual  route,  estimates  of  lethality  and  distance,  EW  capabilities,  fuel,  etc. 
As  the  route  is  extended  fuel,  loading,  speed,  etc  can  change.  The  routes  are 
constructed  using  the  following  rules: 

2. 1.4.1.  In  the  absence  of  any  threat,  go  straight  toward  the  goal. 

2. 1.4. 2.  Upon  encountering  a  threat  (array  cell  illuminated  by  a  threat)  from  a 
straight  line,  have  the  threat  project  the  present  route  around  the  threat  and 
have  the  threat  construct  a  new  route  (branch)  going  the  other  way  around  the 
threat.  Note  the  threat  constructs  the  alternate  routes  as  extensions  to  the 
existing  route  (binding).  This  is  done  by  the  threet  beosuse  the  threat  data 
structure  contains  all  the  information  about  tha  best  paths  around  itself.  As 
these  routes  are  constructed,  calculate  the  lethal  exposure  and  the  distance  of 
each.  Thus  two  routes  (clockwise  and  counterclockwise)  would  be  established. 

2. 1.4. 3.  Upon  encountering  a  new  threat  while  going  around  another  threat, 
project  the  present  route  through  the  new  threat,  construot  another  route  in  the 
sane  direction  (clockwise  or  counterclockwise)  around  the  new  threat,  and 
construct  third  route  in  the  opposite  direction  around  the  new  threat  and  through 
the  present  threat.  Since  the  threat  characteristics  are  known  the  aid  oan 
determine  the  lethal  exposure  and  the  dlst.  nee  of  each  route. 

2. 1.4. 4.  Whenever  new  routes  are  created,  all  previous  routes  are  compared  with 
the  new  routes  and  the  best  route  (based  on  lethality  and, dlstanoe)  is  extended. 

2. 1.4. 5.  If  multiple  threats  are  encountered  simultaneously,  new  routes  are 
created  and  the  existing  route  is  extended  for  eaoh  threat  as  described  above. 
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2.1. 4.6.  Routes  that  exceed  distance/fuel  limitations  are  eliminated. 

2. 1.4. 7.  If  the  same  position  is  reached  by  two  different  routesi  the  second 
route  is  eliminated  from  the  Hat  of  possible  routes  (dynamic  programming).  The 
logic  is  that  since  the  least  lethal  route  is  always  extended  first,  any 
subsequent  route  that  reaches  the  sane  spot  must  be  non-optimum. 

2.1.11.8.  Exit  going  around  a  threat  when  the  goal  can  be  seen. 

2.1.5.  The  above  rules  create  many  partial  alternate  routes,  always  extending  the 
most  favorable  route.  Thus,  the  first  route  to  reach  the  goal  beooaee  the  least 
lethal.  This  route  has  also  made  maximum  use  of  terrain  masking.  Additional 
rules  are  added  to  avoid  loop  backs  and  redundant  routes.  This  technique  is 
called  a  branch  and  bound  search  technique  with  dynamic  programming  and  is  similar 
to  other  rqute  planning  aids,  but  here  the  number  of  permissible  routes  is 
drastically  reduced.  Throughout  this  process  the  main  program  does  not  know  how 
to  extend  a  route.  Instead,  it  gets  this  information  and  the  lethality  date  from 
the  individual  threats.  This  simplifies  the  software  and  makes  it  easy  to 
add/remove/modify  threats  or  threat  types.  As  threats  are  added  or  moved,  only 
the  cells  illuminated  by  the  threat  need  to  be  changed  by  adding  or  subtracting 
the  threat  name.  The  Interaction  between  threats  does  not  need  to  be  ohanged 
since  that  is  only  calculated  as  the  route  is  built.  Figure  1  shows  an  example  of 
a  route  found  by  CATPA.  As  can  be  seen  the  route  proceeds  from  the  point  of 
origin  ('s'  position)  directly  toward  the  goal  ( • x *  position)  until  a  threat  is 
hit.  Two  alternative  routes  are  then  examined  around  the  threat.  Since  both 
routes  have  a  zero  lethal  exposure,  the  shortest  route  is  selected.  Note  that 
DATPA,  as  written,  does  not  give  a  final  route.  The  route  in  figure  1  can  be 
shortened  to  go  directly  from  the  start  position  to  the  threat  edge.  Figure  2 
shows  a  line  of  threats  with  a  DATPA  generated  route.  Here,  DATPA  checks  routes 
alternately  extended  clockwise  and  counterclockwise  outward  from  the  center  threat 
until  a  point  was  reached  where  a  route  could  be  found  around  all  threats.  If  the 
range  precluded  going  around  all  threats,  those  routes  exceeding  the  range  would 
be  rejected  and  the  least  lethal  remaining  route  would  be  selected.  Figure  3 
shows  a  case  where  there  was  a  distance  limit.  The  route  ohosen  is  not  the 
shortest  through  the  threats,  but  rather  the  one  with  the  least  threat  exposure 
while  still  within  distance  constraints.  Once  again  DATPA  ,as  written,  does  not 
give  a  final  route  but  merely  demonstrates  a  technique.  In  addition  to  the  route 
smoothing,  the  routes  in  the  examples  should  also  be  limited  by  aircraft 
characteristics  and  tactical  considerations.  These  features  would  need  to  be 
added  for  a  deployed  system. 

2.1.6.  The  previous  description  was  for  finding  the  least  lethal  route  for  a 
single  speed  and  single  altitude  with  no  electronic  warfare.  However  the  speed  of 
the  aid  and  Its  basic  architecture  allow  other  characteristics  to  be  examined. 
For  example,  if  it  is  possible  to  negate  a  single  threat  of  a  given  type  (through 
Jamming,  Wild  Weasel  etc)  a  question  arises  as  to  whloh  route  is  beat  and  whloh 
threat  should  be  negated.  For  this  case,  as  the  DATPA  is  developing  routes  and  it 
encounters  a  threat  which  is  or  the  type  that  can  be  negated  it  oreates  an 
additional  route  Ignoring  that  threat  and  eliminating  the  possibility  of  negating 
any  other  threats.  Thus  new  routes  are  buiit  and  compared  that  rerieot  the 
elimination  of  various  threats.  The  first  route  to  reach  the  goal  la  again  the 
least  lethal  and,  in  addition,  it  shows  the  best  threat  to  eliminate.  Figure  A 
shows  another  route  by  DATPA  where  the  system  was  given  the  capability  to  destroy 
one  of  the  small  threats  but  none  of  the  large  threats.  The  threat  destroyed  and 
the  route  chosen  are  shown.  Alternate  routes  were  examined  by  the  aid  but  they 
would  have  Involved  greater  distances.  Similar  techniques  can  be  ussd  to 
determine  the  best  speeds  to  use,  best  altitudes,  or  other  variable  mission 
parameters.  In  each  case  additional  routes  are  created  (reflecting  the  mlesion 
parameter  of  interest)  and  compared.  It  would  also  be  possible  to  use  the  DATPA 
architecture  for  an  aid  that  would  have  multiple  sorties  and  would  determine  the 
best  use  of  defense  suppression  or  saturation  techniques.  An  actual  system  could 
eliminate  much  of  the  code  in  the  proof  of  concept  version,  but  would  require 
additional  programming  to  generate  final  routes  and  to  use  real  aircraft 
polynomials. 

3.  LIMITATIONS: 

3.1.  DATPA  is  not  the  panacea  to  mission  planning.  While  it  offers  significant 
advantages,  it  will  also  require  human  interpretation  and  other  tools.  In 
addition,  the  DATPA  technique  does  have  some  limitations. 

3.1.1.  DATPA  does  not  incorporate  all  the  considerations  (is  navigation  aids, 
mlnlmum/naxlnua  leg  length,  etc)  presently  used  in  planning.  Some  of  these  could 
be  added  without  problem  while  others  may  be  beat  left  to  an  operator  interacting 
with  the  software. 


3.1.2.  DATPA  also  does  not  yield  tha  aathaaatloally  optiaua  routa  since  It  Holts 
routes  to  threat  edges  or  dlreot  paths  toward  target. 

3.1.3.  Finally  DATPA  la  sensitive  to  threat  positioning  and  altitude  for  terrain 
■asking.  This  limitation,  whloh  DATPA  shares  with  otner  terrain  Banking  tools, 
■akes  tha  route  validity  very  ouch  a  function  of  the  threat  uncertainty. 
Additional  studies  should  be  conducted  to  quantify  this  limitation  and  to  develop 
workarounds  (eg  position  the  threat  at  tha  highest  altitude  within  Its  uncertainty 
envelope) . 

».  ADVANTAGES /GROWTH 

4.1.  The  primary  advantage  of  DATPA  Is  its  relative  high  speed.  The  concept 
demonstration  oan  find  the  best  routes  In  extremely  complex  environments  In  less 
than  one-half  minute  simultaneously  defining  defenses  to  be  suppressed.  Although 
this  Is  a  simplified  version  of  a  deployed  system,  It  Is  not  optimised  for  speed. 
In  faot,  the  existing  system  has  a  great  deal  of  coda  to  alow  down  the  process  to 
make  It  easier  to  demonstrate.  Thus  a  deployed  system  incorporating  aotual  weapon 
system  polynomials  should  have  better  times.  The  aotual  time  is  a  function  of  the 
density  of  the  threat  and  the  complexity  of  the  task  (speed  changes,  EH,  etc) 
required.  This  speed  allows  the  DATPA  to  Incorporate  additional  characteristics 
that  are  not  feasible  with  slower  techniques.  This  is  a  key  point.  The  slight 
threat  simplifications  made  by  DATPA  plus  its  basic  architecture,  make  a  wide 
range  of  planning  activities  possible.  In  addition  to  the  items  mentioned  above, 
it  would  be  possible  for  DATPA  architecture  to  deal  with  routes  involving  standofr 
weapons,  threat  degradation  through  EW,  excluded  areas,  and  target  prioritisation. 

5.  RE COMMENDATIONS/ CONCLUSIONS : 

5.1.  DATPA  as  it  exists  now  is  strictly  a  demonstration  version  written  in 
ZetaLlap  and  running  on  a  Lisp  machine.  A  deployable  version  of  the  conoept 
should  be  built  on  a  machine  presently  used  by  mission  planners  using  aotual 
threat  data  and  weapon  system  polynomials.  In  addition,  the  strategic  and 
tactical  planners  should  be  surveyed  to  Identify  growth  areas  for  DATPA.  These 
growth  capabilities  should  be  incorporated  in  the  deployed  systems  architecture. 
Finally,  the  deployed  system  should  Incorporate  characteristics  such  as  navigation 
aids,  map  preparation,  route  summary,  etc  to  make  it  easier  for  tha  operator. 

5.2.  DATPA  has  met  its  original  goal  Improving  the  threat  penetration  analysis 
process  using  heuristics.  While  not  yet  creating  a  human's  global  perspective, 
DATPA 's  data  structure  gives  the  system  the  capability  to  look  ahead  and  project 
"easlble  alternatives  while  avoiding  a  large  search  problem  of  infeasible 

iternatlves.  The  techniques  used  in  DATPA  are  not  particularly  complex, 
dlffloult,  or  new.  It  is  a  symbolic  system  using  simple  heuriatios,  but  it  Is  not 
a  'rule'  based  expert  system.  Its  benefit  is  not  complex  mathematical 
sophistication,  but  rather  the  tremendous  advantage  of  speeding  a  process  even  at 
the  slight  loss  of  precision.  This  principle  opens  the  door  to  a  wide  range  of 
future  applications. 
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DECISION  AID  for  THREAT  PENETRATION  ANALYSIS 
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DISCUSSION 


R.W.  MecPhereon,  Canada 

Could  you  explain  again  why  the  path  chosen  atayed  "glued"  to  the  threat  circles  sfter  it 
appeared  obvious  that  it  could  proceed  directly  to  the  target? 

R.J.  Kruchten 

The  path  ahown  la  an  artefact  of  the  way  tho  path  was  calculated  by  applying  the  heuristics. 
As  was  said  in  the  presentation,  further  processing  is  needed  on  the  path  shown. 
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Vp  SUMMARY 

As  the  threat  becomes  more  sophisticated  and  weapon  systems  more  complex  to  meet  the 
threat,  the  need  for  machines  to  assist  the  pilot  In  the  assessment  of  information  becomes 
paramount.  This  Is  particularly  true  in  real-time,  high  stress  situations.  Real-time  is 
defined  as  whatever  time  Is  necessary  to  perform  these  functions  or  tasks.  The  advent  of 
artificial  Intelligence  technology  offers  the  opportunity  to  make  quantum  advances  in  the 
application  of  machine  technology.  However,  if  AI  systems  are  to  find  their  way  into  combat 
aircraft,  they  must  meet  certain  criteria,  They  must  be  responsive,  reliable,  easy  to  use, 
flexible,  and  understandable.  This  paper  compares  these  criteria  with  the  current  status 
and  concludes  that  significant  additional  progress  must  be  made  before  an  AI  system  can  be 
used  in  a  combat  airborne  application.  Current  AI  systems  deal  with  non-real  time  applica¬ 
tions  and  require  significant  user  interaction.  On  the  other  hand,  aircraft  applications 
require  real  time,  minimum  human  interaction  systems.  In  order  to  fill  the  gap  between 
where  technology  is  now  and  where  it  must  be  for  aircraft  applications,  considerable  govern¬ 
ment  research  is  ongoing  in  NASA,  DARPA,  and  three  services.  This  paper  briefly  summarizes 
the  ongoing  research.  Finally,  recognizing  that  AI  technology  is  in  its  embryonic  stage, 
and  the  aircraft  needs'-^re  very  demanding,  a  number  of  issues  arise.  This  paper  delineates 
these  issues  and  provilde^Ntindings  where  appropriate. 


POTENTIAL  BENEFITS  OF  ARTIFICIAL  INTELLIGENCE 

As  the  threat  becomes  more  sophisticated  and  weapon  systems  more  complex  to  meet  the 
threat,  the  need  for  machines  to  assist  the  pilot  in  the  assessment  of  information  becomes 
paramount.  This  is  particularly  true  in  real-time,  high  stress  situations.  Real-time  is 
defined  as  whatever  time  is  necessary  to  perform  these  functions  or  tasks.  For  example, 
during  the  lngreas/egress  portions  of  a  flight,  a  machine  could  alert  the  pilot  to  the 
presence  of  a  threat,  suggest/use  countermeasures,  and/or  recommend  an  alternative  flight 
path.  During  the  target  acquisition  phase,  tho  machine  could  recommend  target  priority, 
the  appropriate  weapon  and  the  firing  sequence  of  the  weapons.  During  the  entire  flight, 
a  machine  could  monitor  the  aircraft  systems  "health",  diagnose  problem  areas,  indicate 
the  effect  on  the  mission  and  reconfigure  the  system  where  feaslble/approprlate. 

Although  one  normally  thinks  of  a  high  performance  combat  aircraft  performing  these 
functions,  the  helicopter  must  not  be  neglected.  This  Is  most  evident  when  one  considers 
the  pilot  workload  implications  which  attend  a  single  crewperson  operating  at  night  in 
adverse  weather  at  altitudes  which  seldom  exceed  30  feet.  A  system  of  AI  augmented  capa¬ 
bility  Is  required  for  both  flight  path  and  mission  management. 

In  the  easier  "nen-real"  time  portions  of  the  mission,  a  machine  could  plan  mission 
events,  generate  realignment  options  and  also  evaluate  options  for  degraded  missions.  For 
training,  a  series  of  "machine  experts"  could  act  as  instructors  and  as  a  by-product  also 
provide  the  documentation  of  much  of  the  expert's  knowledge/expertise  which  for  the  most 
part  may  not  have  been  disseminated  and  thus  lost . 

The  advent  of  artificial  intelligence  technology  with  the  machine  assessing,  and  in 
some  cases  controlling  information  from  many  internal  and  external  systems  should  lead 
designers  to  think  more  of  integrated  avionics  systems.  Sensors  will  provide  information 
that  will  dictate  the  flight  path.  Flight  surfaces  in  a  damaged  situation  will  be  auto¬ 
matically  controlled  depending  upon  damage  assessment  and  countermeasures  will  automatically 
be  Implemented  dependent  upon  the  assessment  of  the  threat.  Areas  which  must  be  considered 
in  addition  to  artificial  intelligence,  include  the  avionics  architecture,  processors, 
displays,  and  the  man-machine  interaction. 

THAT  MAKES  AI  DIFFERENT 

In  contrasting  AI  with  what  is  typically  recognised  as  engineering  problems,  there 
are  major  differences  Engineering  applications  usually  concern  well-defined  problens 
for  which  the  path  to  the  solution  ie  known,  the  algorithms  are  well-defined  (e.g.  FFT), 
the  memory  requirements  are  fixed  and  the  execution  time  is  "pre-determined".  On  the 
other  hand,  for  AI,  the  problem  is  not  well-defined  (no  closed  solution  exists),  and  the 
solution  path  is  determined  "on  the  fly"  and  changes  as  the  world  changes.  In  dolnj  this, 
the  AI  syjtem  examines  tbs  current  stats  of  the  world  and  reacts  to  it  according  to  a  pre¬ 
defined  set  of  rules.  Tbs  system  must  also  be  able  to  support  some  means  of  back-tracking 
to  determine  if  the  conditions  are  still  the  same. 
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REQUIRED  CHARACTERISTICS  OP  A I  SYSTEMS 

In  ordwr  to  Af  zyztens  to  find  fEeir  wzy  into  coubnt  aircraft,  thwy  must  meet  certain 
criteria.  The  following  is  a  brief  summary  of  some  of  the  more  important  areas. 

RosDonsive  -  An  AI  system  must  provide  needed  information  when  it  is  required.  This  1* 
particularly  true  in  "real  time"  situations  where  decisions  must  be  made  in  a  matter  of 
seconds . 

Reliable  -  The  question  of  how  reliable  the  system  must  be  depends  on  what  functions  it 
Is  intended  to  perform  and  whether  it  is  in  a  control  or  advisory  role.  Since  AI  is  intend¬ 
ed  to  perform  heuristic  reasoning  to  deal  with  complex  situations  with  incomplete  or 
uncertain  Information,  one  can  only  expect  it  to  produce  a  solution  that  is  pretty  good  most 
of  tie  time  i.e.,  only  as  good  as  the  experts.  Realizing  that  an  AI  system  will  never  be 
100%  reliable  does  not  avoid  the  issue  of  identifying  how  reliable  it  actually  is.  This 
gives  rise  to  the  question  of  testing  and  evaluation  of  Intelligent  systems.  Currently, 
there  are  few  metrics  for  the  evaluation  of  these  types  of  systems.  In  sunxnary,  the  ques¬ 
tion  of  reliability  is  an  area  that  needs  considerable  work. 

Easy  to  Use  -  An  AI  system,  if  it  is  to  be  useful,  must  be  easy  to  use.  That  means  the 
pilot  atould  be  able  to  Interact  with  the  machine  in  a  simple  sinner.  Means  of  interaction 
Include  speech,  displays,  and  tactile  10  (touch  panels,  etc.).  The  cockpit  environment  for 
this  interaction  must  be  considered  i.e.  noisy,  stressful  along  with  the  different  speaker 
types  and  styles  and  graphic  presentation  of  complicated  information. 

Flexible  -  An  AI  system  should  be  able  to  adapt  to  the  situation,  both  internal  and  uxterni. 
Theaystem,  for  an  ideal  case,  should  be  able  to  evaluate  the  pilot's  condition  and  present 
information  which  is  appropriate  for  that  situation.  Also  since  the  AI  system  will  be 
conveying  a  different  type  and  potentially  greater  quantity  of  information  to  the  pilot, 
although  possibly  in  a  more  concise  or  condensed  form,  new  requirements  in  interface  media 
may  be  needed. 

Understandable  -  An  AI  system  has  the  ability  to  explain  its  reasoning.  This  explanation  of 
the  reasoning  and  decision  making  is  one  unique  requirement  for  a  pilot  communicating  with 
the  AI  system.  Also  since  the  pilot  may  have  knowledge  in  priorities  unknown  to  the  system, 
he  should  be  able  to  redirect,  reject,  or  seek  another  solution. 

AI  Technology  Status /Weeds  -  Table  I  presents  major  categories  of  an  AI  system,  the  current 
status  and  what  is  required  for  airborne  applications.  As  can  be  observed  from  this  chart; 
significant  additional  progress  must  be  made  before  an  AI  system  can  be  used  in  a  combat 
airborne  application.  Current  AI  systems  deal  with  non-real  time  applications  and  require 
significant  user  interaction.  The  rule  base  is  usually  less  than  a  thousand  and  has  limited 
man-machine  interaction  (e.g.  voice  recognition  -  100  words  in  a  non-stress  environment). 

The  hardware's  architecture  allows  only  sequential  operations  highly  constraining  real  time 
applications.  And  finally,  researchers  are  only  beginning  to  scratch  the  surface  in  under¬ 
standing  how  to  extract  knowledge  from  the  expert  and  representing  that  knowledge  for 
machine  operations.  On  the  other  hand,  aircraft  applications  require  real  time,  minimum 
human  interaction  systems.  The  rule  base  will  greatly  exceed  1000,  and  voice  recognition 
of  1000  words  under  high  stress  conditions  will  be  required.  Machines  having  architectures 
allowing  parallel  operations  for  real-time  applications  along  with  an  easily  developed/modh- 
fled  knowledge  base  will  be  needed. 
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knowledge  representation 
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3 patch  Understanding 
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Craw  Interface 
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information 

Rule-baaed  eyatema  Model -baaed  systems  1000-10,000 

(  1,000  rules)  rulea 

Limited  control  structures  Efficient  control  structures  for 

dealing  with  multiple  representa¬ 
tions 

Extensive  explanation  capability 

as  needed 

Hybrid  reasoning  about  symbolic 
and  numeric  information 
Multiple  cooperating  intelligent 

systems 

Repre  sentationa  for  temporal, 
apatial,  qualitative,  default, 
functional,  structural  and  analog¬ 
ical  kaowledge 

Dynamically  changing  goals  condi¬ 
tions,  objects  and  properties 


Limited  explanation 

capability 

Symbolic  computation 

Single  expert 

Limited  expreeaibility 


Hell-defined,  fixed  goals, 

conditions,  objects  and 

properties 

Single  Agent 

Non-over lapping  events 


100  words,  restricted 

language 

Sequential  operations 
Non-flexlble  and  limited 
capability 


Multiple  Agent 

Simultaneous  and  overlapping  event 

Temporal  relatione 

Plan  execution  monitors 

Incremental  Planners 

1000  word  vocabulary,  connected 

speech,  ratural  language 

Parallel  operations 

Crew  information  requirements 

by  (Intelligent  systems) 

function 

Adaptive  aiding 

Multiple  Interface  media 

Natural  humeo-llke 

Communication 
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Ongoing  Effort  -  In  order  to  fill  the  gap  between  where  the  technology  ie  now  and  where  It 
nmat  be  for  aircraft  applications,  considerable  research  Is  ongoing.  The  following  Is  a 
brief  eimsary  of  the  pertinent  efforts. 

DAB PA  -  DARPA  has  initiated  its  Pilot's  Associate  Prograa  as  part  of  Its  strategic  computer 
program.  The  Pilot’s  Associate  Program  will  have  as  Its  focus  a  demonstration  that  will 
both  challenge  the  technology  base  programs,  and  that  will  show  the  military  potential  and 
the  utility  of  transitioning  this  work  to  service  programs.  Such  goals  as  cooperating 
expert  systems,  processing  speed  through  parallel  processing,  and  new  ways  of  information 
portrayal  for  pilots  provide  major  program  direction. 

NASA  -  The  following  are  the  applicable  ongoing  NASA  programs: 

-  Inflight  Fault  Monitoring  and  Diagnosis  -  This  work  Is  concerned  with  onboard  fault 
detection  and  diagnosis  as  an  aide  to  the  flight  crew.  The  purpose  of  the  work  la  not  only 
to  identify  the  failure  within  the  aircraft  but  also  to  Identify  Its  effect  on  the  aircraft 
capabilities  and  functions. 

-  Crew  Error  Tolerance  -  This  work  is  concerned  with  detecting  crew  errors  and  identi¬ 
fying  them  to  the  pilot. 

-  Crew  Interface  with  Intelligent  Onboard  Systems  -  This  work  Is  concerned  with  humans 
interfacing  with  intelligent  onboard  systems.  This  includes  using  AI  for  Intelligent 
Interfaces  (e.g.  natural  lagnuage  understanding  for  voice  I/O),  the  content  of  the  inter¬ 
face  between  the  pilot  and  specific  intelligent  aids,  and  the  Interface  media  used  for  the 
communication. 

"  Navigation  and  Gul.oice 

-  Planning  Tools  -  This-  work  is  mainly  focused  ou  space  applications,  but  many  of  the 
basic  concepts  apply  to  aviation  as  well. 

ARMY  -  The  Army  has  established  as  Centers  of  Kxcellence  for  AI,  the  Universities  of 
Pennsylvania  and  Texas.  The  following  Is  a  brief  description  of  these  efforts: 

University  of  Pennsylvania  -  interaction  with  dynamic  data  base,  flexible  data  type 
systems"  movement  representation,  3-C  Vision  and  robotics. 

University  of  Texas  -  problem  solving,  text  knowledge  systems,  problem  solving  with 
uncertainty,  search  techniques,  parallel  architecture. 

The  Army  also  has  the  following  efforts  underway: 

-  Helicopter  Mission  Planning  and  Enroute  Navigation  -  Stanford  Research  Institute 

-  AI  Theory  and  Reconf lgurable  Control  Systems  -  Princeton  University 

-  Study  In  Natural  Multi-Media  Communications  -  Louisiana  State  University 

-  Representation  and  Decision  Mechanisms  in  AI  -  Duke  University 

-  Role  of  Experience  In  Common  Sense  and  Expert  Problem  Solving  -  Georgia  Tech  Univ. 

-  AI ,  consultant  program/diagnostic  troubleshooting 

-  Army  Aircrew  Aircraft  Integration  -  A VS COM 

-  AI  Applications  to  Army  Aviation  Systems 

-  Multiple  Expert  Resolution  -  SWL 

-  General  AI  -  NVEDL 

-  Decision  Aid  Supplied  to  Short  Range  Air  -  HEL 

-  Artificial  Vision 

-  Application  of  AI  to  automatic  EO  Target  Tracking  and  Classification  -  CSTAL 
AIR  FORCE  -  The  following  is  a  delineation  of  the  Air  Force  Programs: 

-  Investigation  of  Combat  Aids  for  Pilots  by  Expert  Systems  -  Systran  Corp. 

-  Adaptive  Tactical  Navigation  -  Analytic/McDonnell  Aircraft 

-  AI  Applications  for  Pilot  Decision  Aiding  -  Gen  Dyn/TI/GE 

-  Avionics  Expert  System  Definition  -  BBN,  GD,  Boeing/AI/DS 

-  Panoramic  Coc  lit  and  Control  Display  System  -  TBD 

-  Threat  Recognition  and  Processing  Techniques  -  TBD 

-  Unified  Trajectory  Control  System  -  Lear  Siegler 

-  Cockpit  Automation  Technology  -  McDonnell  Aircraft,  BBN,  BDM 

-  Pave  Pillar  -  TBD 

NAV,  -  The  following  are  the  relevant  Navy  Programs : 

-  Modeling  -  ONR  -  Cognitive  Structures  and  Processes,  Human  Decision  Requirements 

Man-Machine  Interface 

-  Threat  Classification  -  NRL,  NADC,  NTJSC  -  ISAR,  Acoustics 

-  Multi-Sensor  Information  Integration  -  NRL,  NADC  -  Radar,  ESM,  Acoustics, 

Intelligence 

-  Mission  Planning  -  NOSC,  NADC  -  Air  Strike  Planning,  Tanker  Air  Refueling 

Scheduler 

-  Attack  Planning  -  NADC  -  ASM  Localization /Weapon  Launch 

-  Fault  Monitoring/Diagnosis  -  NRL  -  Automatic  Test  Programs 

-  Target  Assessment,  Adaptive  Control  -  NIC 

PROBLEM  EXAMPLE 

A  typical  Navy  platform  that  could  be  aided  by  AI  Is  the  E2-C  aircraft.  Its  mission 
Is  to  provide  fleet  protection  by  serving  as  a  command  and  control  post.  The  operators 
on  this  aircraft  are  faced  with  large  amounts  of  data  cooing  from  both  the  on-board  sensors 
and  the  data  links.  After  processing,  this  data  Is  displayed.  Because  of  the  amount ,  rate 
and  diversity  of  the  data,  often  the  displayed  information  Is  cluttered  and  fragmented. 

This  leads  to  an  overloaded  operation  and  hence  poor  tactical  decisions.  The  ultimate 
penalty  could  be  fleet  destruction. 

An  AI  based  solution  for  this  problem  could  be  the  addition  of  an  intelligent  adjunct 
(machine)  that  could  be  inaerted  after  the  information  is  processed  and  correlated.  The 
responsibilities  of  this  machine  would  be  to  reaolve  uncertainties  and  conflicts,  provide 
sound  threat  assessment  and  interpret  and  predict  the  actions  of  the  threat.  The  results 
of  having  such  an  adjunct  would  be  a  unified,  Informative  display  presenting  a  clear 
tactical  picture  leading  to  an  informed  and  in  control  operation. 
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A  key  component  of  an  intelligent  adjunct  la  the  plan  recognition  model.  Plan 
recognition  la  a  proceaa  by  which  human a  Interpret/predict  the  actions  of  others. 
Theoretical  models  have  evolved  In  behavorlal  science  which  are  symbolic,  heuristic  In 
nature.  However  current  plan  recognition  models/ AI  techniques  cannot  deal  with  threat 
activity.  If  one  compares  the  present  status  of  plan  recognition  against  what  is  required 
for  the  tactical  problem,  significant  shortfalls  can  be  Identified  as  follows: 

PRESENT  PLAN  RECOGNITION  TACTICAL  PROBLEM 

"Where  re  Are"  "Where  We  Are" 


o  Single  Actlon/Siaple  Task 
o  Well  Defined  Goal 
o  Constrained  Actions 
o  Certainty  In  Actions 
o  Limited  Revisions 
o  Time  Is  not  a  Factor 


o  Multiple  Actions/Complex  Tasks 
o  Uncertain  Goals 
o  Unconstrained  Actions 
o  Uncertainty  In  Actions 
o  Multiple  Revisions 
o  Time  Is  a  Factor 


This  problem  is  currently  being  Investigated  at  the  Naval  Air  Development  Center, 
Warminster,  Pennsylvania.  In  order  to  make  the  transition  from  where  we  are  today  to 
fleet  operations,  significant  developments  must  be  made  in  knowledge  acquisition,  parallel 
processing,  man-machine  Interaction,  and  AI  tools  (e.g. ,  higher  order  language). 

ISSUES  -  Recognizing  that  AI  technology  is  in  Its  embryonic  state  and  the  aircraft  n^eds 
are  very  demanding,  a  number  of  issues  arise.  These  issues  must  be  addressed  by  botf>  the 
research  and  operational  communities  if  AI  is  ever  to  realize  the  expectations  people  have 
for  It.  The  following  is  a  delineation  of  some  of  the  Issues. 

o  How  reliable  must  an  AI  system  be?  (Real  Time  vs  Non-Real  Time)  How  do  we  determine 
that  reliability? 

o  How  will  we  test  and  evaluate  these  AI  Systems? 
o  What  should  be  automated  using  AI?  How  far  can  AI  go? 

o  What  are  the  limitations  os  Implementing  AI  in  the  cockpit?  AI  Technology,  Hardware, 
Pilot-Machine  Interface,  Pilot  Acceptance.  » 

o  How  adaptable  will  the  AI  System  be?  * 

o  How  are  multiple  AI  and  non-AI  systems  coordinated?  How  are  con^PiCts  between  them 
resolved? 


o  How  should  the  emerging  AI  technology  be  Integrated  with  conventional  automation? 

o  What  special  requirements  exist  for  communicating  between  pilot  ud  AI  system? 

o  How  far  can  AI  go  in  being  a  successful  training  device? 

o  Can  a  real  time  AI  system  be  made  cost  effective? 

o  Is  the  current  ongoing  research  work  in  AI  addressing  the  key  issa*s.  If  not  what 
should  ba  done? 

o  What  are  realistic  expectations  for  AI  for  aircraft  entering  service  in  1990,  1995, 
2000  and  beyond?  \ 

Findings  -  After  reviewing  the  operational  need,  the  current  state-of-thi  Krt,  the  on-going 
research  efforts  and  the  questions  still  unanswered,  one  can  conclude  the  ollowfng: 

-  The  areas  in  which  AI  could  be  the  most  benefit  will  be  the  most  difficult  to 
implement.  The  Combat  Aircraft  Pilot  is  faced  with  making  life-deciding  decisions  in  an 
uncertain,  high  stress  environment.  These  decisions  in  many  cases  must  be  made  in  a  matter 
of  seconds.  However,  for  AI  to  be  able  to  aid  in  these  situations,  significant  progress 
must  be  made  in  all  aspects  of  the  technology. 

-  Envelopment  Is  needed  in  -  knowledge  acquisition,  parallel  processing,  man-machine 
Interaction  and  AI  tools  (e.g.  high  order  language). 

-  Ongoing  research  efforts  could  be  better  coordinated  -  As  noted  earlier  In  this 
paper,  considerable  research  efforts  are  ongoing  In  DOD  and  NASA.  If  Information  from 
these  efforts  was  shared  among  the  workers,  duplication  could  be  avoided,  the  most  pressing 
issues  addressed,  and  applications  to  combat  aircraft  be  available  earlier. 

-  Expectations  for  AI  should  be  in  consonance  with  reality  -  Currently  many  people 
feel  AI  will  be  a  cure-all.  However,  as  mentioned  earlier,  since  AI  is  dealing  with  heuris¬ 
tic  information  it  is  unrealistic  to  think  it  will  be  100%  reliable,  (Nothing  we  have  now 
is  100%  reliable.)  Again  one  has  to  identify  th>  roles  of  AI  In  providing  advice  or 
actually  controlling  events.  Once  that  role  has  been  defined,  realistic  goals  can  be 
formulated  and  researcb  performed  on  the  outstanding  problems, 

-  Designers  should  be  thinking  of  system  integration  aspects  of  AI  -  Since  aircraft 
have  a  minimum  life  of  30  years.  It  faces  a  changing,  ever  more  sophisticated  threat. 
Designers  of  avionics  systems  Should  keep  this  in  mind  and  attempt  to  extend  their  vision 
to  ensure  new  technologies,  such  as  AI,  can  easily  be  integrated  into  the  avionics  system. 
For  example,  it  is  envisioned  the  AI-  systems  of  varying  degrees  will  be  available  ovov  tbe 
next  25  years.  Combat  aircraft  for  fleet  introduction  in  the  1990vs  are  currently  being 
formulated.  These  aircraft  should  be  so  designed  to  easily  accept  tbe  AI  advances,  This 
is  the  responsibility  of  the  systems  architect. 
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This  peper  dee crib—  th»  Mvsnced  Senear  Exploitation  Testbed  developed  by  the  Base  Air  Developoent 
Oantar  far  tha  purpose  of  evaluating  and  tasting  advanced  tactaiquee  In  the  area  of  aulti-seemor,  milti- 
dinoipline  correlation.  Testbed  consists  of  three  stdxryatassi  1)  the  scenario  generation  eubaystem, 
2)  the  sensor  simulation  subsystem,  end  3)  the  correlation  and  exploitation  algorithm.  The  scenario 
generation  subsystem,  referred  toes  Dynamic  Grand  Target  Simulator,  is  a  computer  automated  system  for 
the  development  ofr*ground  truth  "r  Grojd  truth  is  any  activity  that  oocura  in  the  battlefield  in  rela¬ 
tion  to  ar.i'n—it  or  emission  of  opposing  ground  forces.  The  sensor  simulation  subsystem  consists  of 
gansric  sewing  target  indicator,  radio  da  taction/ location,  radar  detection/  location  and  imaging  type 
sensors  that  act  as  filters  far  the  ground  truth.  Ground  truth  data  is  filtered  out  (undetected) 
depending  on  local  terrain  and  senaor  operating  characteristic*.  The  correlation  and  exploitation 
algorithms  are  resident  within  the  Advanced  Sensor  Bqploitation  Element  and  provide  such  data  as  mil¬ 
itary  unit  identification,  the  identification  and  tracking  of  high  priority /critical  targets,  threat 
alerts  and  activity  level  indications.  The  Advanced  Sensor  Exploitation  Ttestbed  along  with  built-in 
evaluation  routines  allow  far  .the  development,  test  and  evaluation  of  automated  correlation  and 
identification  algorithms  in  as  a  realistic  anviramsnt  as  possible.  _ _ _ _ 

ASE  TB9TBH) 

The  ability  to  strike  mobile  second  echelon  gramd  farces  before  they  can  take  advantage  of  any 
breakthroughs  created  by  the  first  echelon  is  araonnt  objective  of  the  Air  Force  in  a  limited 
tactical  environment.  Limited  air  resources  be  applied  most  effectively  against  the  large  mmber 
of  possible  targets.  Due  to  tha  dynamics  of  the  tactical  battlefield  tha  assessment,  decision  and 
deployment  of  these  resources  must  be  accenpliahed  in  a  timely  fashion.  The  requirement  by  the  tactical 
decision  makers  to  have  accurate,  iprto-date,  and  continuous  data  an  the  position  and  status  of  the 
opposing  grotnd  forces  has  precipitated  the  development  of  high-volime  advanced  sensor  systems.  These 
sensor  system  have  been  designed  to  exploit  a  specific  target  characteristic  such  as  movooent  or 
endsaions  and  provide  a  high  volute  of  information  in  near-real-time. 

The  aenaar  data,  once  correlated  and  fused,  will  be  Integral  to  a  data  base  that  can  be  exploited 
by  target  and  threat  identification  and  tracking  algorithms  in  order  to  provide  the  necessary  information 
required  by  tactical  decision  makers.  The  dynamic  value  of  the  aenaur  data,  the  timely  requirement  for 
information  and  the  volume  of  data  to  be  processed  predicates  that  automatic  correlation  and  exploitation 
functions  be  utilized. 

The  Advanced  Sensor  Exploitation  (ASE)  Testbed  was  developed  by  the  Bane  Air  Development  Center 
(RADC)  to  test  and  evaluate  the  advanced  capabilities  in  automatic  correlation,  processing  and  display 
of  the  products  of  the  advanced  sensor  systems  such  as  the  Moving  Target  Indicator,  Imaging,  Radio  and 
Radar  Detection  type  sensors.  Functions  which  have  been  developed  and  demonstrated  include:  the 
ability  to  correlate  data  from  multiple  sou-oes  and  rrultiple  sensor  disciplines,  the  ability  to  c  i- 
tinuously  track  high  priority  targets,  the  ability  to  specifically  identify  critical  nodes,  the  ability 
to  automatically  issue  throat  alerts  when  friendly  air  missions  are  potentially  threatened  by  enemy  Air 
Defoise  Units,  and  the  ability  to  cue  sensors  to  change  modes  or  to  observe:  specific  areas  or  signals 
of  interest.  Also  developed  ues  an  evaluation  module  to  determine  the  accuracy  and  effectiveness  of  the 
ASE  algorithm*  and  a  test  enviramufit  that  consists  of  a  scenario  generation  system  called  the  Dynamic 
Ground  Target  Similator  (DOTS)  and  the  appropriate  sensor  models. 

SCBMOO  qafflBATION 


Due  to  the  ocoplaxity  and  time  requirements  involved  in  the  preparation  of  scenario  data  it  mis 
decided  early  in  the  ASE  program  to  develop  a  modular,  flexible  scenario  generation  tool  that  would  pro¬ 
vide  simulated  ground  target  movement,  ocrn.nl cation  and  air  defense  activity  of  an  opposing  faros, 
nils  automated  scenario  generator,  referred  to  as  Dynamic  Ground  Target  S Imitator,  (DOTS) ,  permits  a 
variety  of  scenarios  for  testing  purposes  with  miniinm  preparation  time. 

DOTS  is  conposod  of  two  main  elments.  A  model  ccnstructiem  subsystem,  which  provides  automated 
tools  and  a  methodology  for  the  model  building  prooeaa,  and  a  scenario  generation  subsystem  which 
schedules  aid  executes  ■  e  events  included  within  the  models  and  allows  interaction  with  the  scenario  to 
add  additional  events  or  chsnge  existing  events. 


The  most  isportant  features  of  the  model  construction  subsystem  cue  the  nodal  definition  language, 
which  is  based  on  PASCAL,  and  the  model  librarian.  This  definition  language  forces  a  structured  approach 
to  the  nodal  building  pnxoess.  it  also  encourages  nodular  development  of  model a  which  is  si  lxqnrtant 
consideration  whenever  new  models  oust  be  constructed.  Appropriate  modules  from  previously  developed 
models  may  be  utilized  and  the  system  capabilities  continue  to  grow  with  the  development  of  each  new 
nodule.  The  model  construction  subsystem  also  contains  a  librarian  function  which  allows  modules  to  be 
inserted,  rmxoved  or  replaced,  while  ensuring  the  necessary  linkr  to  other  modules  within  a  given  model 
are  maintained.  In  addition  to  developing  the  model  definition  language,  it  was  necessary  to  develop  a 
translator  far  the  language.  This  capability  was  provided  by  modifying  a  PASCAL  compiler. 
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ftm  scenario  genorutian  subsystem  contains  two  ocnponants:  a  scenario  executive  which  performs  the 
bookkeeping  function  tar.  the  system,  and  s  scenario  ncnitor  trtiich  allows  a  raan-aechine  interface,  itw 
scenario  executive  schedules  and  executes  events  starting  with  initial  orders  received  from  a  text 
editor.  This  process  begin#  after  th»  model  has  bean  construe  ted..  The  executive  Interacts  with  the 
model  file  bo  produce  a  scenario  file  based  on  the  rents  listed  in  the  model  file.  It  also  interacts 
with  the  scenario  ncnitor.  The  scenario  monitor  permits  interaction  with  the  scenario  through  a  graphic 
display.  Events  can  be  added  or  modified  through  the  scenario  monitor.  Ttiree  options  are  provided  to 
allow  events  to  be  added  at  any  point  in  the  scenario:  emits  may  be  added  and  scheduled  to  begin 
immediately  or  they  may  be  scheduuled  to  begin  in  seme  epscified  length  of  time  or  they  may  be  scheduled 
to  begin  at  sons  specific  time  in  the  scenario. 

Scenario*  have  been  developed  from  the  Motorized  Rifle  Regiment  to  the  Ocefcined  Arms  Army  level 
operating  within  a  2001®  x  200)aa  area  based  around  the  Fulda  Gap  region  of  Germany.  Activities  reflect 
the  hierarchical  nature  of  the  military  unit  as  well  as  military  doctrine.  Deterministic  unit  movement, 
vehicle  movement,  ocamwlcatlona  activity  and  air  dafanae  activity  are  contained  within  the  models.  In 
addition,  there  is  probabilistic  prmmticatlcn  and  air  defense  activity  incorporated.  Physical 
realities  such  ss  cartographic  features,  terrain,  weather  and  their  effects  have  been  included. 

The  Dynamic  crowd  Target  Slnnlafnr  has  been  implemented  an  Digital  Equipment  Corporation's  VAX 
11/785  utilizing  a  RMDT9C  display  system  for  all  user  interactions  and  graphic  displays.  The  DOTS  sys¬ 
tem  provides  an  event  driven,  deterministic  s inula tion  approach.  A  variety  of  scenarios  can  be  gen¬ 
erated  utilizing  the  system  sinply  by  varying  initial  order  oanditirma,  entity  data  or  via  on-line 
interactive  event  scheduling.  Scenarios  are  recorded  for  future  playback  and  all  generated  scenario  data 
can  be  viewed  on  the  RAWER  graphic  display  system. 

SENSOR  SPjMnCH 

Senear  simulation  became  a  requirement  for  the  ASK  Testbed  due  to  the  unavailability  of  sensor 
output  data.  Also,  a  need  arose  to  be  able  to  generate  sensor  data  utilizing  varying  operating 
characteristics  in  order  to  fv  y  test  the  exploitation  functions. 

The  sensor  simulation  portion  of  the  ASE  test  environment  consists  of  three  subcomponents:  1)  the 
sensors,  2)  the  platforms,  to  the  extent  that  Bensor  performance  is  altered  by  a  characteristic  such  as 
altitude  or  flight  path,  and  3)  the  information  content  of  the  output  of  a  sensor  ground  processing 
station.  The  test  environment  currently  includes  gmeric  models  of  an  Mn  sensor,  a  radio  detection/ 
location  sensor,  a  radar  detection/ location  sensor  and  an  imaging  sensor. 

Ground  truth  information  which  has  been  generated  utilizing  the  DOTS  system  is  sent  to  the  sensor 
systems.  Baaed  on  the  sensor  and  sensor  platform  characteristics  as  well  as  environmental  factors  such 
as  terrain  and  weather  at  the  time,  a  determination  is  mode  as  to  whether  or  not  a  detection  has  bx\?n 
nude  by  the  sensor.  If  it  is  determined  that  a  detection  has  been  made,  messages  are  sent  from  the 
ground  processing  station  to  the  correlation  and  fusion  functions  regarding  the  detections.  Errors  are 
introduced  into  the  system  at  each  step  of  the  information  flow  process  to  maintain  as  nuch  realism  as 
possible. 

The  sensor  ainulation  package  has  been  implemented  on  a  VAX  11/785  utilizing  FORTRAN  as  the  pro¬ 
graming  language.  It  should  be  noted  that  the  sensors  are  simulated  only  to  the  .degree  required  to 
provide  realistic  data  to  the  correlation  and  fusion  algorithms  and  do  not  consist  of  any  full  scale 
simulations  or  oonplex  calculations. 

EVALUATION 

The  evaluation  subsystem  of  the  ASE  Testbed  consists  of  two  phases:  on-line  evaluation  and  post- 
experiment  evaluation.  Ch-line  Evaluation  is  a  set  of  software  and  procedures  which  is  modifiable 
either  at  time  of  experiment  initialization  or  during  the  course  of  an  experiment.  The  statistics 
gathered  as  a  result  of  this  data  gathering  process  can  be  displayed  continuously  or  as  required.  This 
permits  judgments  to  be  made  os  to  whether  the  experiment  is  proceeding  properly  and  whether  the 
proper  data  is  being  gathered.  If  not,  modifications  can  be  made  as  the  experiment  progresses. 

The  Poet-Experiment  Evaluation  process  includes  the  software  necessary  to  collect  the  data  which 
was  archived  during  the  Ch-Line  Evaluation  phase  and  to  massage  the  data  so  that  poet-experiment  analysis 
can  be  done.  Poet-Experimant  evaluation  also  utilizes  the  ground  truth  file  created  by  DOTS  and  other 
files  which  vats  accessed  during  the  experiment.  Products  created  by  the  Post-Wperiment  Evaluation 
process  include  a  trace  of  all  functions  utilized,  a  trace  report  of  any  products  produced  by  any  of 
tbs  algorithms,  a  list  of  any  "growl  truth  events"  not  detected  by  the  sensors,  and  a  data  base 
activity  report. 

ase  aacn1 

The  ASE  Element  is  the  segaant  of  the  ASE  Testbed  where  all  of  the  multi -sensor  exploitation 
functions  are  Implemented.  An  ASE  Eleaant  software  performs  rapid  peers  1st  ten  of  information  obtained 
from  both  the  advanced,  near-real-time,  high  volume  sensor  systsns  and  Intel ligmoa  information  scuruee 
and  utilizes  ths  resulting  correlated  date  baas  to  locate  areas  of  high  ground  activity,  identify  mil¬ 
itary  units,  maintain  a  continuous  observation  of  high  priority  targets,  and  identify  threats  to 
friendly  air  missions.  These  tasks  are  performed  by  the  inmost  Ian  of  six  functions)  correlation, 
wide  eras  survaillsnoe,  military  unit  analysis,  special  target  analysis,  dynatdc  situation  assessment 
and  automatic  threat  analysis.  Support  files  such  as  cartographic  and  terrain  data  files,  radar  and 
radio  characteristic  files  and  unit  taqplstlng  files  are  utilized  by  the  six  functlcne. 
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ccpkelatich 

73b  ability  to  fuse  the  nulti-sauear  data  and  display  It  in  a  comprehensible  format  to  the  user 
fundamentally  depends  an  the  correlation  or  "aaaociattbn*  of  the  sensor  reports  to  saudu  other.  Oorrela- 
ticn  accepts  the  sensor  reports  frumu  all  of  the  aouaar  types  and  a  c3l  sourte  and  integrates  these 
reports  into  a  single  data  base  that  la  utilised  by  the  otliar  functions  to  develop  a  dynamic  representa¬ 
tion  of  the  battlefield.  The  date  in  the  oorreleted  data  base  is  stared  as  either  an  entity  or  group. 

An  entity  Is  a  radio  or  radar  and  a  group  Is  node  up  of  several  vehicles  and  say  have  one  or  note 
entitles  associated  with  it.  hew  reports  are  aeso.lated  with  existing  data  by  utilising  radio  and  radar 
detection  reports  for  entity  to  entity  and  mutity  to  group  associations  and  the  MTI,  banging,  and  c3l 
reports  far  group  to  group  associations. 

Itoen  either  a  radio  or  radar  detection  report  is  received,  the  confidence  level  of  the  sensor  target 
ID  is  checked.  If  a  high  confidence  level  is  indicated,  the  association  file  is  laaxchad  to  find  a.i 
entity  previously  linked  to  that  sensor  target  ID.  If  an  entity  ia  found,  the  association  file  is 
updated.  Otherwise,  a  new  entity  is  added  to  the  association  file.  It  the  confidence  level  of  the 
sensor  target  ID  is  low,  than  a  measurement  of  association  (tCA)  is  calculated.  The  KK  is  a  ftarila 
that  weights  various  attributes  such  as  frequency,  position,  and  pulse  repetition  interval  by  their 
reliability,  the  MCA  is  calculated  by  first  filtering  out  entities  that  are  of  a  different  type  or  are 
operating  at  a  different  frequency,  the  retaining  entitles  are  given  a  ''closeness  measure''  which  is 
based  on  physical  location,  the  "closeness  measure’  value  of  each  entity  ia  then  capered  to  a 
specific  distance  and  if  the  ratio  of  the  former  to  the  latter  Is  greater  than  one,  than  the  entity  and 
target  report  are  assumed  to  he  the  sane. 

If  the  target  report  is  associated  to  more  than  one  entity,  a  check  will  be  mode  to  see  if  the 
entities  should  ha  merged.  A  check  i*  nude  into  end i  of  the  candidate  entities  history  files  and  then 
an  ..valuation  Is  made  ss  to  whether  to  oenbine  the  entities  cr  not.  If  the  entities  are  combined,  a  new 
ID  ia  given  to  the  merged  entities  and  the  old.  entities  are  deleted  from  the  data  base. 

For  Hn  associations,  candidates  ara  first  screened  by  area  of  interact  (ADD .  The  area  cf 
interest  is  the  mmdian  radius  possible  given  the  aaxlnuau  speed  of  the  group  and  the  time  lapsed  since 
the  last  group  report.  The  remaining  candidates  are  than  assigned  a  M3A  which  is  based  on  physical 
location.  If  the  time  lapse  from  the  last  group  report  to  the  current  target  report  is  large,  then  the 
KA  is  calculated  based  on  trafficahillty.  The  candidate  groups  that  are  remaining  are  then  sorted 
according  to  whether  they  have  a  strong  or  weak  association  to  the  target  report. 

For  c3l  identification  and  imaging  sensor  reports,  the  group  nummary  file  is  searched  for  groups 
whose  records  are  closest  to  the  time  of  the  target  report.  These  :o.oupe  are  then  screened  booed  on 
area  of  interest.  Those  groups  which  pass  the  AOI  test  are  assigned  an  HOA  which  is  based  on  physical 
location.  Using  predetermined  thresholds,  the  group  is  given  a  strong  ar  weak  association  to  the 
target  report  baaed  on  its  M3A  vtlue.  If  u  target  is  associated  highly  with  more  than  one  group,  then 
the  history  fils  of  each  group  is  checked  to  see  if  the  groups  should  be  merged.  If  the  groups  are 
merged  then  the  newly  farmed  group  is  given  a  new  ID  and  the  old  groups  are  deleted. 

Pol-  entity  to  group  associations,  the  radio  and  radar  detection  reports  are  checked  to  see  if  they 
correspond  with  an  entity  that  was  previously  associated  with  a  group.  If  a  link  does  exist  between 
the  entity  and  a  group  then  the  groups  in  the  data  base  are  screened  according  to  physical  location. 

Kb  M3A  is  calculated  for  all  groups  that  pass  the  screening  test.  The  calculation  of  the  MSA  is 
based  on  the  probability  of  the  entity  being  associated  with  the  group  given  the  location  of  the 
entity.  Based  an  the  value  of  the  MIA  the  entity  to  group  association  is  given  a  confidence  level. 

A  check  Is  then  made  into  the  histories  of  the  entity  and  group  to  see  if  they  sluould  be  associated 
together.  Thoeo  that  pass  the  history  check  and  have  a  high  confidence  level  are  associated  together. 

WIPE  AREA  SUKVEJLLMCE 

Knowledge  of  the  level  cod  type  of  activity  across  the  battlefield  is  an  essential  a. set  when 
deciding  where  limited  personnel  and  resources  should  be  concentrated  for  intelligence  collection. 

Such  information  would  eliminate  waste  and  speed  up  the  identification  process  of  units  in  regions  of 
high  activity.  Hide  Area  Surveillance  (WAS)  utilises  the  sensor  reports  to  build  a  suir-.nillanoe  mop 
divided  into  SRa  x  5Rn  grid  cells  over  the  whole  cartographic  area.  Each  grid  cell  indicates  the  level 
of  activity  overall  and  the  level  of  activity  far  each  sensor  type  by  using  a  color  coded  scheme  with 
each  color  representing  a  different  threshold  set  by  the  user. 

In  determining  the  activity  level  of  each  sensor  in  the  grid  oells,  the  Wide  Area  Surveillance 
function  counts  the  number  of  target  reports  far  each  sensor  type  per  grid  cell  within  tsro  separate 
time  periods.  The  time  periods  aim  divided  into  a  short  one  of  five  minutes  and  a  long  one  of  an  hu^jr 
except  far  MU  target  reports  where  surveillance  data  is  already  in  a  surveillance  map  format  so  the 
short  interval  is  already  cumpl start.  Vtiou  an  and  to  either  time  interval  occurs,  the  finished  sur¬ 
veillance  map  is  shred  and  the  new  data  is  displayed. 

MUJTMCf  UNIT  ANALYSIS 

The  limitation  of  resources  Imposed  upon  a  tactical  battlefield  decision  motor  makes  essential 
the  identification  and  prioritisation  of  potential  targets.  Providing  the  identification  capability 
within  the  ASE  Elesmrrt  is  the  Military  Unit  Analysis  (MW)  function.  The  r.  Italy  units  can  be 
identified  from  the  correlated  sensor  and  intelligence  data  by  aggregating  too  groups  and  entities 
into  larger  units  and  than  tabulating  the  larger  untis'  characteristics  with  characteristics  of  known 
units.  The  Military  Uhit  Analysis  function  takes  the  groups  and  entities  and  aggregates  thms  into 
battalions  and  the  battalions  into  regiments  and  then  identifies  these  units  by  their  characteristics. 
The  battalion  was  chosen  as  tine  basic  military  unit  because,  in  non-nuclear  conditions,  the  T'— 
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in  a  battalion  and  the  vehicles  in  a  uagray  an  both  qpaosrt  25  to  50  eaters  apart,  this  aakae  it 
difficult  to  distinguish  from  aapartla  T" in  a  battalion. 

m  agjnagalae  all  of  tba  entities  and  groups  from  the  oorralatad  data  baaa  into  M^aar  lavml 
wits.  Ala  aggrag atioa  algorithm  huilds  tiighar  larval  units  by  hatting  candidate  gnp  bo  aaa  if 
thay  fall  within  tha  aapaotad  langth  of  tha  wit  oumratly  baino  built.  Cm  all  of  tba  highar  larval 
wits  baaa  baan  formed,  a  ctaractarlatioa  wctor,  tblch  ia  tha  ooahined  characteristics  of  all  tha 
al— nil  in  tha  wit  ia  cxaatad.  Thin  characteristic  vac  tor  ia  capawi  apdnet  knoan  wita  and  an 
attagpt  ia  made  to  ldantify  tha  wit  type  and  aaanrlata  with  it  a  oonfidwoa  laval.  Aftar  tha  type 
of  tha  wit  haa  baan  diatirguianad,  tha  alaaant  IDa  of  tha  ondldata  wit  ara  oa^mnad  with  tha 
alamt  Ha  of  wita  alruady  in  tha  data  baao  and  if  cmc  one-half  of  tha  IDa  natch,  than  tha  data 
baaa  ia  updated,  otherwise  a  no#  wit  ia  aatabliahad  in  tha  data  baaa. 

WOMi  BKP  JtWjEB 8 

An  mart  to  any  fitting  wit  ia  tha  ability  to  disrupt  tha  anf't  caaaand  and  control,  to  do 
thia,  infonaation  about  tha  natncrta  hatnaan  wita  in  required.  Such  intonation  ia  supplied  to  tha 
uaar  by  utilizing  antity  raporta  of  tha  oorralatad  data  baaa.  From  thaaa  reports  tha  apodal  targat 
Analyaia  (9DU)  fwction  oan  fan  atplat  nata,  duplsw  nata  and  alao  identify  tha  nodaa  and  alaplaix  nets 
by  type. 

In  processing  tha  raporta,  the  Spacial  Targat  Analyaia  fwction  craataa  an  antity  block  if  the 
raport  incasing  ia  tha  first  one  for  that  witter.  The  daacrlption  of  the  witter  1a  updated  if  the 
report  ia  tha  eeocnd  or  greeter.  The  eadtter  raport  1a  than  processed  further. 

If  tha  aasltter  ia  n  radar.  It  ia  first  fplated  to  alraady  existing  nodaa  on  tt»  heals  of  co¬ 
location.  Bach  node  type  wart  contain  tha  radar  type,  and  tha  node  oejrt  not  iunre  its  full  mylement 
or  tha  aadttar  will  not  ba  associated  to  tha  node.  If  the  witter  cannot  be  added  to  an  aviating  node, 
then  a  new  node  is  created  utilizing  uncluttered  radars  and  applying  tha  twplating  process  to  them. 

An  attempt  la  made  to  fan  additional  air  defense  wit  ucanaid  al  wants  share  initial  identification 
was  aahiguoua.  This  la  done  by  taaplating  and  using  additional  doctrinal  and  deployment  constraints. 

If  tha  witter  cannot  bs  associated  with  a  node,  than  it  ia  put  in  tha  wcluaterad  witter  file. 

If  the  emitter  ia  a  radio  then  it  can  be  of  bo  types;  eizplaz  or  duplex.  A  simplex  radio 
operates  on  a  single  frequency  while  a  duplex  radio  operates  on  aultlple  fmquancdw.  If  the  candidate 
witter  ia  a  aiaplax  radio,  tha  fwction  tries  to  find  a  alqplex  net  operating  at  the  awe  frequency 
and  modulation  aa  the  witter.  The  witter  ia  than  addad  to  a  node  on  tha  basis  of  co-location  and  the 
fact  that  no  other  aiaplax  radio  at  tha  noda  can  have  tba  awe  frequency.  If  tha  witter  oanrot  be 
addad  to  a  node  or  net  than  a  new  node  or  net  ia  created  utilising  uncluttered  entitles.  Wawvar  a 
s triplex  net  haa  three  or  non;  "ambers  it  is  t— latad  to  find  its  type.  Duplex  radios  are  attenptad 
to  be  addad  to  sedating  dxplex  nets  or  nodes  in  the  aaa  newer  aa  the  ainplex  radios  and  the  un- 
clusterad  dip  lex  radios  ara  processed  to  &sa«  new  nets  or  nodes.  Ha  nodes  that  are  generated  are 
twplabed  to  establish  their  typa  and  any  witter  that  cannot  ba  aaaociated  with  e  node  ia  put  in  the 
unclustered  emitter  file. 

^pasenodea  ara  formed  from  the  fusion  of  radar,  aiaplax  radio,  aid  duplex  radio  portions  of  a 
node.  Once  mpemodw  have  baan  eras  bad  or  updated  by  the  incoming  witter  report  tiny  are  twplated 
to  find  their  typa  and  identification. 

AMO  THREW  ANALYSIS 


Tha  Auto  Threat  Analysis  fwction  determines  if  ary  air  defense  unit  (AD(J)  poses  a  threat  to 
any  planned  friendly  missions.  If  a  threat  does  occur,  a  report  ia  issued  to  the  uaar  indicating  the 
threatenad  mission,  the  threatening  ADU(s)  and  the  legs  of  the  mission  that  are  threatened. 

At  the  start  up  of  the  ASS  Rlwsnt  aid  for  each  mission  that  is  subsequently  added,  a  check  is 
made  against  every  ADU  and  its  coverage  envelope.  The  coverage  envelop  or  threat  circle  is  assisted 
to  ba  a  cylinder  oantarad  at  tha  ADO'S  location  with  thi  radius  equal  to  tha  maxhais  range  of  tha  ADU's 
missile  and  tha  height  equal  bo  the  maxi—  effective  altitude  of  the  art  ami  la.  Both  the  radius  and 
height  of  the  tlirwt  circle  ara  datazmixiad  without  regard  to  tha  terrain.  Also,  after  a  delta  time  of 
t,  where  t  is  determined  beforehand,  tha  8TK  Fils  ia  searched  for  all  known  ADDS.  If  there  is  a  new 
ADO,  its  characteristics  (apoad,  location,  type,  and  id)  are  added  to  tha  ADU  Table  of  tha  Auto  Threat 
Analysis  function.  Tha  new  ADU  is  then  checked  against  all  missions  in  tha  Threat  Table  to  determine 
if  a  threat  exists.  All  tha  ADDS  that  ware  previously  rsoordad  in  the  9TA  Fils  are  competed  to  their 
coordinates  in  the  ADO  Table  and  if  than  is  any  si^vLfioerrt  mew— it  of  the  ADU,  it  is  checked  against 
all  tha  missions  in  tha  Threat  Table  to  determine  if  a  threat  exists  and  tha  ADU's  new  location  is 
recorded  into  tha  ADU  Table.  Ary  threats  as  data  rained  by  tha  Auto  Threat  Analysis  fwction  are 
sent  to  the  C3I  subsystem  indicating  mission,  threatened  legs,  and  threatening  nDUa.  Thia  data  is 
than  displays  1  on  a  cathode  Ray  Tibe  (Off)  screen. 

Drawee  SnUKTICH  AJSBBaHBff 

Tha  uaar  say  select  oertain  wits  aa  being  of  hi$i  priority  and  wish  to  follow  the  developaarit 
of  ttoee  wits.  But  data  is  available  an  these  targets  tally  as  long  as  tha  aananra  can  "aw*  thus. 

Onoe  the  aanaers  leas  a  target  due  to  shadowing  or  terrain  mashing,  the  uaar  auat  expand  valuable 
time  recalculating  all  of  the  possible  wit  positions  tor  that  target,  the  Dynamic  Situation 
Aaaae— it  (DBA!  fwction  of  tha  ASB  El— it  aliadretas  tha  problam  of  annual  searching  tor  a  target 
encs  It  is  lost  to  shadowing  and  even  lfhntifiae  thoa*  targets  that  ara  a  higb  priority. 

Tbs  Dynamic  situicicn  Assasaaent  fwction  first  aanrehaa  tha  Dynmaio  Order  of  Battle  (OTOB)  and 
9TA  Data  Basw  to  idmitlfy  targets  that  are  to  be  oensidarod  high  priority.  Wan  a  high  priority 
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targtt  Is  ftwd  its  type,  ID,  and  location  are  saved  for  later  uee  by  the  fuction.  For  every  high 
priority  target  at  an  InterMctian,  the  position  of  the  target  at  the  next  intersection  la  projected. 

Ihe  projected  path  is  than  checked  to  see  if  there  will  be  any  sensor  loss  due  to  shadowing.  If 
soss  loss  is  fowl,  the  location  of  the  loss  and  the  sensor  type  are  sent  to  the  task  sensor  function, 
this  loss  lnfgrnet ion  is  thn  used  to  task  the  sensor  to  "look*  at  the  projected  exit  points  of  the 
shadowed  area  at  a  tins  whan  the  target  is  expected  to  be  there,  in  this  mamer,  the  sensors  keep 
a  continuous  watch  on  the  high  priority  targets  as  identified  by  the  ueer  and  tha  location  of  the 
targets  is  always  known. 

OCHCLUBICW 

Ml  of  the  functions  of  the  ASE  Element  interact  with  monitor  control  functions  which  allow  all 
data  gnanted  to  be  displayed  graphically.  This  data  is  ratiteeanted  by  varying  symbols  and  colors 
and  is  owsrlayed  on  a  digitised  cartographic  data  baae.  Ihe  resulting  ‘•pictures’  give  the  user  an  ip- 
to-date  graphical  repcaaarrtaticn  of  the  battlefield.  Ihe  graphic  displays,  through  the  use  of  a  nmn- 
aachine  interface  function,  allow  the  user  to  bring  ip  specific  statistics  on  the  exact  coordinates, 
spaed,  fxmqumcy,  and  etc.  of  any  target  in  the  date  ha  ana.  Ihia  knowledge  helps  the  user  in  deciding 
the  planning,  allocation  and  deployment  of  resources  within  his  area  of  interest- 

Ihe  ASE  Element  has  been  l«p1  waited  on  a  VAX  11/785  utilizing  FORTRAN  as  the  programing 
language.  All  graphics  are  displayed  cn  the  MtOX.  graphics  display  monitor.  Ooescnd  inputs  are  made 
through  the  IRIiniA  display  systeei  also.  All  textual  data  ia  displayed  an  Digital  Equipment  Corporation's 
VT-100  series  terminals. 

Utilising  tha  ASE  Element  within  tha  ASE  Testbed  allow*  a  more  realistic  evaluation  of  the  functions 
utilised  in  the  identification  of  battlefield  targets.  Ihe  modular  approach  in  the  design  also  allows 
the  substitution  of  Testbed  elements  or  ASE  Blaamt  functions  to  test  a  variety  of  Bounces  and  functions. 
Planned  upgrades  end  sdditicre  to  the  Taetbed  will  expand  the  capabilities  of  the  Ibetbed  and  provide 
an  even  more  realistic  test  anvirunaant.  Realistic  test  environments  expedite  the  development  of  con¬ 
cepts  and  techniques  that  provide  the  ueer  with  the  information  that  ia  required  in  the  most  efficient 
namer  poMlbla 


Allan,  Steven  D. ,  et  al. ,  PAR  Technology  Corp. ,  Advanced  Sensor  Exploitation  (ASE)  Htplenentation 
Pinal  Technical  Report,  1983,  RADC-TR-82-334 ,  Vbl.  I. 


DISCUSSION 


N.L.  Busbridge,  UK 

What  database  are  you  using  for  your  lino  of  night  terrain  obscuration? 

J.  Antonlk 

The  database  used  ia  the  US  Defense  Mapping  Agency's  Digital  Terrain  Elevation  Database  (DTED) . 
The  level  of  the  data  ia  DTED  Level  III. 

R .  Cowderoy,  UK 

How  much  of  the  ayatea  has  been  constructed  and  how  ia  the  system  being  demons tra ted? 

J.  Antonlk 

All  of  the  functions  and  capabilities  discussed  in  this  paper  have  been  constructed  and 
i^leswnted.  ’’ho  system  ia  being  demonstrated  at  RADC  on  a  VAX  11/785  utilizing  a  RAMTBK 
graphics  system.  Graphic  symbols  (military  units  and  such)  are  overlayed  on  a  digitized 
cartographic  database  of  the  area  of  interest. 
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SUMMARY 

The  Intagrated  aultieentor  targeting  efTort  preaented  In  thir  paper  il  a  United  Stataa  Navy  Exploratory  Development 
program  directed  at  the  development  and  demonatntion  of  muitiaennr  targeting  elgorithma  for  air-to-air  application.  The  pro¬ 
gram  -for  developing  the  capability  a  described.  The  currant  algorithm  development  ii  preaented.  The  Emulation  tool  and  the 
real-time  eyitem  which  aupport  the  development  and  demonatration  of  the  algorithms,  respectively,  aiao  are  deacribcd,  and 
finally  the  plana  for  teating  the  capability  are  dimmed  briefly. 


INTRODUCTION _  _ 

Future  air  combat  and  attack  environment!  will  confront  the  pilot  with  a  deiuity  and  dtveraity  of  targets,  defenses,  and 
countermeaauma  that  may  overload  the  unaided  tingle-  or  two-place  aircrew.  Thia  paper  deacribea  a  computer-baaed  multt- 
lenaor  targeting  (MST)  sy  item  development,  which  will  combine  muitiaeiiaor  data  In  real  time  to  generate  an  integrated  MST 
display  for  air-to-air  combat.  Thia  h  a  critical  function  which  ie  needed  to  aupport  the  future  development  of  an  automated 
knowledge-baaed  information  proceaeing  aystem  that  integrate!  end  control!  varioua  aircraft  aenaora  for  folly  automatic  target 
detection,  acuuMtion,  Identification,  and  tracking.  \ 


The  ongoing  program  ■  a  navy  exploratory  development  program  directed  at  the  development  and  demonatration  of  an 
MST  tracking  algorithm.  Targeting  output!  from  a  multifunction  radar,  an  infrared  aearch  and  track  (IRST)  act,  and  a  passive 
intercept  receiver  are  being  integrated  and  correlated  to  provide  accurate,  high-confidence  multbenaor  targeting  in  tjie  highly 
dynamic  air-to-air  combat  environment  under  all  conditio ni  of  weather,  visibility,  and  electronic  order  of  battle.  \ 


A  real-time  demonatration  ayatem  ia  being  developed  to  demonatrate  the  algorithm.  The  system  is  being  designed  for 
flexibility  of  use.  It  will  be  capable  of  cmuiUncouaiy  accepting  tensor  data,  processing  the  MST  data,  archiving  time- 
correlated  tensor  data  (loth  raw  and  processed)  and  MST  data  for  later  analysis,  and  generating  kJST  symbology  fer  presentation 
on  a  graphics  display.  A  nigged  boat  computer  is  used  to  implement  the  ayatem  for  use  in  the  laboratory  or  at  a  ground- 
baaea  teat  site.  A  non-real-time  rim uittion  ayatem  aiao  hat  been  assembled  to  aupport  the  development,  teat,  and  evaluation 
of  the  algorithms  in  the  laboratory  under  simulated  teat  and  air  combat  conditk  .11  The  non-real-time  simulation  also 
provides  a  capability  to  simulate  sensor  outputs  for  driving  the  real-time  system  in  the  laboratory  at  part  of  the  system 
integration  and  checkout  prior  to  Held  integration  of  the  ayatem  with  real  aenaon. 


SIMULATION 

Because  of  the  limited  resources  available  to  aupport  an  exploratory  development  project,  the  design  philosophy  of  this 
program  hat  been  to  make  maximum  use  of  existing  software  and  facilities.  The  creation  of  a  multriensor  air-to-cir  simulation 
it  an  example  of  the  application  of  this  principle.  An  existing  radar-only  simulation  was  modified  to  add  the  additional 
aenaora  needed.  The  baric  rimulation,  called  SLAATS  (System  Level  Air-to-Atr  Tactical  Simulation),  was  developed  by  the 
Weapona  Department  of  the  Naval  Weapons  Center.  It  la  written  in  Simscript,  •  higher-order  computer  language  with  special 
features  deigned  to  facilitate  rimulation  writing,  and  includes  an  event  timer  and  Unked-bst  storage  structures. 

SLAATS  is  a  dynamic  air  oorabat  rimulation  which  models  each  aircraft  as  a  network  of  intercommunicating  mbsystems 
(tee  Figure  I)  that  interact  by  exchanging  discrete  ntsngn  This  structure  made  it  possible  to  add  additional  aenaora  t(  the 
aircraft  in  a  strath tforw art  way.  SLAATS  operates  in  finite  time  steps,  with  typical  event-to -event  separations  on  the  order 
of  I  second.  For  multitenaor  tracking,  the  most  important  events  an  the  end-of-frame  times  of  each  sensor  when  the  sensor’s 
updated  track  flies  an  transmitted  to  the  multisenaor  tracker.  Aircraft  dynamics  are  normally  updated  at  a  one-pereeoond 
rate  and  are  modeled  with  throe  degrees  of  fteedom  so  that  aircraft  orientation  ia  specified  by  velocity  and  acceleration 
vecton. 


FIGURE  1.  SLAATS  Nods  Tree  of  in  Airaeft. 


To  mike  SLAATS  i  multisensor  simulation,  i  new  program  module  wu  crested  to  model  the  IRST  tyitem.  Like  the 
existing  redir  module,  it  tranjmiti  the  content!  of  its  current  trick  fiiei  to  the  multiienior  tracker  it  the  end  of  eich  frame. 
Simple  models  for  the  infrared  (IR)  emissions  of  aircraft  akin,  tailpipe,  ind  plume  were  anted,  and  their  input  data  added 
to  the  parameter  Hit  for  each  type  of  tatfet  in  the  simulation.  In  addition,  models  were  set  up  for  the  IR  surface  and  sky 
backgrounds,  and  for  atmospheric  attenuation.  The  general  approach  has  been  to  match  the  level  of  realism  in  the  IR  model 
to  that  found  in  the  radar  model,  which  uses  a  Swerling  model  with  a  multipath  correction  factor  for  the  radar  cross 
section. 

The  modeling  of  the  passive  radio  frequency  (RF)  tensor  chosen  for  the  demonstration  was  accomplished  by  adding  code 
and  input  parameters  to  the  existing  radar  simulation. 

Two  features  enhance  the  uaefolness  of  the  simulation.  The  first  is  a  simple  measure  of  effectiveness  foi  evaluating  the 
effectiveness  of  the  tracking  algorithm.  The  function  it  inversely  proportional  to  the  avenge  error  between  the  track  and  the 
true  target  position,  and  directly  proportional  to  the  length  of  time  for  which  the  track  is  maintained.  The  second  It  the 
capability  to  generate  output  Hies  containing  time-tagged  multisensor  tensor  data,  and  to  replay  these  flies  later  without  the 
need  to  repeat  all  of  the  calculations  of  the  simulation  dynamics.  The  real-time  computer  system  is  being  designed  to  accept 
these  file*  at  inputs  when  real  sensors  are  unavailable.  In  addition,  the  simulation  will  be  able  to  replay  the  data  archived  by 
the  real-time  system  in  tests  with  actual  sensors.  Figure  2a  it  a  block  diagram  of  the  software  modules  used  in  the  simulation, 
and  Figure  2b  shows  the  design  concept  which  is  being  used  to  implement  the  interface  betv  en  the  simulation  and  the 
real-time  system. 


'  MULTISENSOR  TARGETING  ALGORITHM 

As  with  the  simulation,  an  existing  software  program  was  taken  at  the  starting  point  for  the  development  of  the  multi¬ 
sensor  tracking  algorithm.  This  was  the  Mission  Avionics  Sensor  Synergism  (MASS)/MINYAN  algorithm  developed  at  the  Naval 
Air  Development  Center  for  the  multiaenaor  tracking  of  ships  by  surveillsnce  aircraft.  Although  subatantial  changes  were 
needed  to  adapt  it  to  the  air-  to--'-  environment,  it  embodied  the  batdc  structure  of  a  tracking  algorithm,  aa  diagrammed  in 
Figure  3.  The  tracker  oonsista  c  i  bade  functions: 

1.  The  association  function,  which  accepts  the  data  provided  by  each  sensor  in  turn  and  attempts  to  correlate  it  with 
existing  multiaenaor  tracks.  If  this  is  not  poaiblc,  it  creates  new  tracks.  It  also  deletes  old  tracks  if  they  have  not  been 
updated  for  a  sufficiently  long  interval 

2.  The  update  (Unction,  which  combines  the  new  data  with  existing  tracks  once  the  best  matches  have  been  deter- 

|  mined.  Kalman  Sitering  is  the  technique  used  to  implement  the  update  function. 


Agreement  and  biancb-end-bound  algorithms  are  employed  as  the  central  elements  of  the  association  function.  Branch- 
and-bound  is  a  standard  mathamatical  technique  for  Hading  optimal  solutions  *p  search  problems  In  minimum  time.  In  order 
to  use  this  algorithm,  It  is  lint  necessary  to  define  and  calculate  an  agreement  function  that  measures  the  Uketihood  that  any 
one  sensor  detection  is  associated  with  any  one  multiaenaor  track.  ’(Tie  specific  (Unction  used  by  this  tracker  is  the  chi-squared 
distribution  function  of  the  stands rtlfrtd  difference  between  a  multiaenaor  track  and  a  sensor  detection.  When  a  sanaor  com¬ 
pletes  a  scan  (fame  and  delivers  its  data  to  the  *vackw,  the  value*  of  this  agreement  function  are  calculated  for  ad  possible 
combinations  of  tracks  and  deter*4'”'*,  and  sas  are  e laced  in  an  agreemant  matrix.  Finding  the  set  of  ono-to-one 

match**  between  row*  am*  ~'v  .  -«!  tub-  it  sum  of  tha  matrix  elements  for  the  set  is  thus  equivalent  to  finding 

the  moat  probable  amigur:  ■!  detection'  tracks. 


* 


The  Ant  modification  made  in  the  tracker  waa  limply  the  convenion  from  tracking  hi  two  dimensions  to  three.  The 
parameter!  of  the  Kalman  Otter  in  the  track  update  function  alao  were  modiflnd  to  reflect  the  vaatly  greater  maneuverability 
of  aircraft  target!  and  the  different  revolution  of  the  air-to-air  sensors  Further  modification!  indude  the  following. 

1.  An  alternate  branch-end-bound  procedure,  which  cannot  reexplore  the  feme  branch  of  the  decision  tree,  waa 
developed  end  aibetituted.  The  original  branch-and-bound  procedure  could  become  tripped  in  an  infinite  loop  if  prevented 
with  multiple  trecka  occupying  the  tame  “region  of  confusion." 

2.  A  duatering  algorithm  ia  being  developed  to  modify  the  tracker  to  provide  a  capability  to  handle  doeely  pecked 
target!  The  original  association  function  viewed  the  track-matching  problem  as  strictly  a  one-to-one  mapping:  one  track  can 
never  match  with  more  than  one  eenaor  detection,  and  vice  vena.  This  property  causes  problems  because  of  the  mismatch  in 
sensor  resohrticn-betv/een  radar  and  IRST,  for  example.  The  radar  cannot  reaolve  multiple  targets  within  a  resolution  cell, 
and  in  creates  a  single  track  for  a  closely  spaced  formation.  However,  the  IRST  hu  multiple  detections  for  the  seme  for- 
rr.ation  because  of  ill  superior  angular  resolution.  The  original  association  procedure  would  match  only  one  of  there  detections 
with  the  radar  track  end  leave  the  rest  of  them  “dangling",  unaaaodated  with  the  radar  data.  Our  solution  is  to  preproccas 
the  IRST  date  and  cluster  multiple  detections  occupying  the  same  region  of  phase  space  into  “raid  tracks"  with  track 
coordinates  given  by  the  centroid  of  the  individual  tracks.  The  limits  on  the  size  of  the  clusters  will  be  matcned  to  the 
radar  resolution. 

3.  The  requirement  of  ono-to-one  correspondence  between  tracks  and  targets  also  causes  difficulties  for  the  case  of 
multiple  targets  on  converging  or  diverging  course!  When  ■  group  of  doeely  spaced  target!  which  are  detected  as  a  single 
track,  approaches  near  enough  to  be  resolved  into  individual  aircraft,  the  present  version  of  the  algorithm  creates  new  tracks 
that  have  no  correlation  with  the  track  history  of  the  original  track.  Tile  reverse  of  the  seme  process  occurs  when  multiple 
individual  targets  oome  together  to  make  a  foimation.  The  resulting  tingle  raid  track  does  not  preserve  the  track  history  or 
the  merged  track!  A  track  history  function  most  Ukeiy  will  be  added  to  resolve  this  deficiency  in  the  algorithm.  As  described, 
the  current  muttiscnr'r  tracker  hat  been  designated  the  baseline  for  the  development  effort,  and  will  evolve  ftirther  aa  the 
program  progresses  and  better  understanding  of  air-to-air  tracker  requirements  is  gained. 

The  baseline  mult  ire  nsor  targeting  algorithm  has  been  coded  into  the  non-real-time  simulation  and  is  currently  operational. 
An  example  of  the  performance  level  achievable  by  the  brseHne  ia  illustrated  by  the  plots  in  Figure  4. 

These  plots  were  generated  by  ■  graphics  package  acting  on  the  output  of  the  rnultisensor  simulation.  The  graphics  were 
designed  aa  an  engineering  tool  to  aid  algorithm  development,  and  not  aa  a  tactical  display  simulation;  however,  they  do 
demonstrate  the  problems  involved  in  effectively  interfacing  multiple  sensora  with  an  aircrew.  Figure  4a  shows  the  true  posi¬ 
tion  histories  of  the  targets  in  a  typical  simulation  scenario:  a  fivo-aircraft  formation  passing  obliquely  across  the  field  of 
regard  of  the  muitipie-eensor  platform.  In  this  scenario,  the  sensor  platform  it  stationary,  as  under  conditions  of  roofhouae 
testing.  The  simulation  also  permits  a  flying  and  maneuvering  senior  platform.  Figure  4b  shows  the  instantaneous  angle-sensor 
track  data  when  the  targets  are  centered  in  the  field  of  regard.  Figure  4c  conteins  the  track  histories  generated  by  the 
multiaenaor  tracker  to  be  compared  with  the  true  trajectories  in  Figure  4! 


REAL-TIME  SYSTEM 

The  hardware  architecture  of  the  mil-time  system,  which  will  host  the  multiaenaor  targeting  algorithm  for  field  testing 
and  evaluation,  b  shown  in  Figure  S. 

The  system  ia  built  around  a  Rugged  Digital  VAX  1 1/751.  The  functions  tn.be  implemented  in  the  V/X  include:  the 
acquisition  of  data  from  the  sensor  bus;  preprocessing  the  data;  hosting  the  multiaenaor  tracker  algorithm ;  displaying  sensor / 
tracker  data  in  real  time;  and  archiving  the  data  for  later  replay  and  analytic 

A  RAMTEK  4225/4220  graphics  processor  pair  win  support  both  nigh-resolution  coiotgnphica  display  and  low-reeohitiun 
video  recording  of  data  hi  real  tin*.  Data  archives  vriE  be  metntxined  on  a  VAX-1 1/751  W  jar  heat  re  dm  in  real  time,  end 
on  standard  half-inch  magnetic  tape  for  long  term  Stonge. 
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FIGURE  4*.  Five-Aircraft  Oblique  Scenario,  Track  History,  Truth  Data. 
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FIGURE  4b.  Five-Aircraft  Oblique  Scenario,  Single  Sensors,  Snapshot. 
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Id  addition  to  homing  tin  MST  algorithm.  tha  reaHims  system  includes  support  software  modules  that:  interface  tha 
algorithm  with  tha  kudo;  mpcwa  sensor  data  aa  nusmaiy  to  mipport  tha  dattoMttttioa;  and  archht  and  ttflay  in  near 
raa t-thna  tha  dauronrfution  test  and  evaluation  remits  Tha  main  (hatuia  of  tSa  system  aoftwaia  arehitaetura  la  a  looaely 
oouplad  asynchronous  ayatam  that  ruaa  uitdar  tha  VMS  opanting  ayatam.  Tha  mftwan  modulaa  that  maka  up  tha  aohitactun 
an  aa  follows 

1.  SMULATE.  SENSORS  -  provides  a  realistic,  aaynohionoua  modal  of  tha  aanaor  data  outputs  and  retat  for  driving 
tha  isai-tima  tyttatn  during  development  and  debugging. 

2.  ACQUIRE.TIMESTAMP.AND.BUFFER.DATA  -  ia  tha  software  module  raaponaibla  for  interfacing  with  the 
aanaota  to  acquits  data,  to  timeatamp  tha  data  with  ayatam  dock  time,  and  to  route  the  data  to  tha  appropriate  RAM 
memory  locations  for  uaa  by  other  programs 

3.  TR  ANSFORM_OWN_RLATFORM_MOTION  -  la  raaponaibla  for  precmtlng  tarpat  tracking  data  from  range  Instrumen¬ 
tation  at»l  providing  a  peeudo  Inertial  navigation  ayatam  (INS)  data  store,  daaignatad  (OWN.PLATFORM.FLIGHT.PROFILE) 
Tha  dataf  it  tvailabla  for  input  to  the  tracking  algorithms.  Abo,  the  INS  data  can  be  manipulated  by  tha  TRANSFORM. 
OWN.  pIaTFORM.MOTION  program  to  make  the  stationary  taat  rite  appear  to  be  maneuvering,  which  ia  a  requirement  for 
tha  operation  of  tha  RANGB.PASSIVBLY  module. 

4.  RANGE. PASSIVELY  -  computes  range  estimates  for  the  target  aircraft  baaed  on  own  platform  senaor  angle-only 
and  INS  data. 

5.  MAINTAIN  .SEN  SOR.TRACX.FILES  -  processes  RAW_SBNSOR.DAT  A  using  gating  functions  and  KALMAN 
filtering  to  generate  and  maintain  tensor  tracks. 

6.  CORRELATE_MULT1SENSOR_TRACKS  -  designates  the  multiaenaor  targeting  algorithm  which  will  be  hosted  by 
Lie  system. 

7.  ARCHIVE.  TEST  .DATA  -  is  a  series  of  programs  that  stores  all  real-time  data  on  magnetic  media  for  later  replay 
or  analysis. 

8.  CONSOLIDATE  .TEST.  DAT  A.  FOR  .DISPLAY  -  processes  target  position  data  from  dissimilar  data  bases  and  uni¬ 
formly  formats  them  for  access  by  the  DISPLAY_TEST.DAT A  programs 

9.  DISPLAY  .TEST.  DAT  A  -  implements  interfaces  with  either  a  D.E.C.  VT241  medium-resolution  graphics  terminal  or 
a  RAMTEK  422S  high-resolution  graphics  device  for  diaplsying  multisensor  targeting  teat  and  evaluation  results 

The  software  architecture  selected  for  the  implementation  of  the  real-time  system  is  very  flexible  and  versatile.  Its 
loosely  coupled,  asynchronous  design  allows  independent  development  and  testing  of  the  modules,  and  additionally  will  support 
major  architecture  modifications  at  a  low  incremental  oost  u  the  program  progresses  and  for  follow-on  efforts. 

The  real-time  system  and  the  non-real-time  simulation  also  ate  designed  to  enable  the  exchange  of  data  between  the 
two  systems  to  expedite  and  support  algorithm  development  and  demondr'tlon.  A  utility  program  is  used  in  the  real- time 
system  to  convert  rimulation  output  tapes  Sc  an  acceptable  format  fc .  input  to  the  ARCHIVE.F1LES  module.  A  REPLAY. 
ARCHIVE  subfonetkm  in  the  ARCHIVE.TBST.DATA  module  is  lai'iblt  f  replaying  the  data  into  the  real-time  system  in 
pseudo  real  time.  Simflarty,  data  can  be  transferred  from  the  real-time  <;-stem  to  the  simulation  by  a  utility  that  converts 
the  ARCHIVE.FILES  data  'o  a  modified  simulation  input  format. 


TEST  PLANS 

The  real-time  system  will  be  installed  in  a  roo  (house  environment  and  tested  and  evaluated  against  flyover  targets.  A 
data  feed  from  the  range  instrumentation  rid  an  will  provide  ground  troth  data  against  which  sensor  performance  and  multi¬ 
sensor  tracker  performance  can  be  compared.  Controlled  target  aircraft  will  then  be  flown  in  pa  Items  within  the  field  of 
regard  of  the  colocated  aensors.  Patterns  will  be  chosen  to  exercise  critical  aspects  of  the  multiaenaor  tracker  (merging,  splitting, 
centro iding,  etc.)  at  range*  and  altitudes  that  take  advantage  of  optimum  multiaenaor  performance.  The  test  ranges  and 
altitude*  of  these  scenarios  are  expected  to  be  somewhat  different  from  operational  scenarios  due  to  the  ground-based  nature 
of  the  demonstration.  Data  will  be  aoqulred  and  proceared  in  real  time  in  the  field,  after  which  the  archive  data  will  be 
returned  to  the  laboratory  for  detailed  analysis  and  to  support  further  development/ refinement  of  algorithms  Algorithm 
modifications  made  at  a  result  of  the  laboratory  analysis  of  the  data  base  will  then  be  added  to  the  real-time  system  for 
evaluation  in  future  field  testing. 


CONCLUSION 

The  MST  program  is  the  first  phase  of  a  long-range  program  to  develop  t  folly  automated  targeting  system  for  tactical 
aircraft,  capable  of  processing  .aw  sensor  data  for:  target  detection,  identification,  and  tracking;  controlling  sensor  modes; 
displaying  targeting  data  to  the  aircrew;  and  passing  data  to  weapon  sytteras  Targeting  sources  to  be  integrated  Include  radar; 
IRST;  passive  RF  sensors;  forwtid-looking  infrared;  identification,  friend  or  foe;  joint  tactical  information  distribution  system; 
etc.  The  realizstion  of  this  long-range  goal  win  depend  on  the  successful  development  of  an  effective  MST  trackir*  algorithm. 

The  status  of  the  current  algorithm  development  effort  is  that  a  baseline  multisensor  tracker  has  been  demonstrated  in 
simulation.  The  tracker  has  successfully  correlated  data  from  multiple  sensor  Inputs  and  provides  smooth,  well-behtved  tracks 
under  optimum  conditions  Its  performance  can  clearly  be  improved  in  seven]  areas,  and  work  will  continue  in  this  direction 
in  the  months  ahead.  A  system  architecture  for  the  real-time  demonstration  of  the  algorithm  has  been  defined  and  la  currently 
being  implemented.  The  requirements  for  testing  and  evaluating  the  algorithm  are  generally  known,  and  testing  la  planned 
to  start  In  about  the  September  1986  timeframe. 
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DISCUSSION 


M.  Stoll,  France 

If  there  is  digital  data  transmission  between  A/C,  you  could  conaider  correlating  aenaors  which 
are  not  on  the  same  platform.  Have  you  worked  in  that  direction? 

P.G.  Krueger 

We  have  worked  in  that  direction,  addressing  navigation  accuracy  requirements  in  relation  to 
targetting  accuracies  desired.  But  that  is  not  a  part  of  this  effort. 

R.J.  Scott-Wilaon,  UK 

How  well  does  the  sensor  fusion  algorithm  handle  the  occurrence  of  data  arriving  in  a  non- 
chronological  order,  such  as  from  sensors  with  extreme  differences  in  data  rate? 

P.G.  Krueger 

There  is  no  particular  problem.  The  algorithm  as  implemented,  updates  the  correlated  track  file 
every  two  seconds,  using  data  in  the  individual  sensor's  track  files.  If  a  sensor  reports,  say, 
every  10  update  intervals,  its  data  will  be  correlated  with  the  other  sensors’  data  when  it  arrives 
and  integrated  with  the  existing  multi-sensor  track  file. 
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Abatraot 

Alternatlvaa  to  tha  von  Nauaann  arohltaotural  aodal  ara  under  study  by  meabera  of 
tbs  advanoad  ooaputar  arohltaoture  ooaaunity.  Raoant  davalopaanta  in  aultlprooessor 
tsohnolofy  oan  be  shown  to  provlda  parforaanos  speed  lnoraasas  In  tha  exeoution  of 
expert  systeas.  Several  of  those  efforts  hsve  been  followed  oloaely  and  ara  assessed 
In  this  paper. 

A  predominant  operation  in  AI  programming  la  pattern  aatohlng.  Searohlng  a  data 
base  of  K  elements  with  a  von  Nauaann  arohltaoture  requires,  at  worst,  0(K)  steps.  In 
the  ideal  oase,  a  linear  speed  up  Is  realised  through  the  use  of  associative  aatohlng 
on  a  suitable  multiprocessor  systea.  Two  aultlprooessor  systeas  that  provide  or  simu¬ 
late  associative  memory  are  DADO  and  ASPRO. 

DADO  is  a  binary  tree  aaohlne  under  study  at  Columbia  University.  This  topology 
was  ohosen  owing  to  the  siapliolty  of  Interconnection  of  the  prooesaors  while  keeping 
the  number  of  intermediate  points  down  in  a  worst  oase  message  passing  setting. 
Furthermore,  two-way  branching  in  hardware  provides  flexible  modeling  of  the  problem 
domain.  The  forward  ohalning  production  systea  model  maps  quite  naturally  onto  this 
arohlteoture.  Indeed,  a  linear  speed  up  over  exeoution  on  a  sequential  aaohlne  Is  oon- 
oeptually  realizable.  This  Is  gained  by  making  the  astoh  phase  a  fully  parallel  aotl- 
vity. 


While  DADO  Is  a  multiprocessor  system  designed  with  AI  applications  In  mind, 
Goodyear  Aerospace  Corporation's  ASPRO™  was  found  to  be  an  existing  architecture  that 
Is  suited  to  the  task  of  eliminating  the  match  phase  bottleneck.  ASPRO  Is  a  nearest 
neighbor  bit-wise  associative  arohlteoture  that  oan  also  provide  linear  speed  up  during 
tha  matching  phasa. 

Both  multiprocessors  are  fine  grain,  having  many  processing  elements,  each  with  a 
small  local  RAM  (Random  Aooess  Memory).  As  such,  they  quite  naturally  are  able  to  per¬ 
form  associative  aatohlng.  They  both  have  a  problem  when  there  is  need  for  procedural 
intervention  during  the  exeoution  oyole.  ASPRO  would  have  to  handle  a  multiplicity  of 
suoh  requests  sequentially  on  a  16-blt  processor.  DADO  has  a  small  processor  locally 
available  to  each  rule  for  procedural  Intervention.  ASPRO,  on  the  other  hand,  requires 
fewer  prooessors  than  DADO  to  achieve  the  associative  memory  effeot.  Both  processors 
have  potential  communications  bottlenecks.  ASPRO,  whloh  operates  in  strlot  SINb 
(Single  Instruction  Multiple  Data)  mode,  does  not  have  the  need  for  synchronization 
required  of  dado  when  it  performs  aatohlng  while  In  MIND  (Multiple  Instruction  Multiple 
Data)  mode  (3). 

Bolt  Beranek  and  Newman's  Butterfly™  aultlprooessor  is  a  oosrser  grain  maohine 
that  has  fewer  processing  elements,  each  with  much  more  memory  (up  to  4  MBytes).  The 
associative  aatohlng  sohaaas  of  DADO  and  ASPRO  would  not  fit  this  architecture 
directly.  An  advantage  of  Butterfly  is  realized  when  there  Is  a  need  for  procedural 
Intervention,  ‘sinoe  it  could  be  easily  handled  using  a  M68000  processor  and  a  large 
local  RAM. 

Thinking  Maohine  Ino.'s  Connection  Maohine™  represents  a  unique  type  of  multi¬ 
processor  in  that  the  processing  elements  a re  lynamically  reconfl gurable  and  are  of 
fine  granularity.  As  suoh,  it  oan  be  made  to  resemble  ASPRO  and  DADO.  It  oan  also  be 
used  to  experiment  with  other  possible  topologies. 

In  this  paper  we  will  expand  on  the  points  made  in  the  abstraot  and  add  further 
considerations  whloh  lnolude:  availability,  suitability  to  various  inferenolng  sche¬ 
mas,  development  tools,  and  host  prooessor  possibilities. 


1 . 0  Introduction 

For  over  three  decades  software  systems  have  been  designed  to  run  optimally  on  the 
pervasive  von  Neumann  coaouter  arohlteoture.  Various  general  and  speolal  purpose 
aoftwars/hardvars  systeas  have  evolved.  Recent  developments  In  ooaputer  hardware  have 
resulted  In  the  easrgenoe^^i  alternative,  multiprocessor  arohlteoture;.  Raw  Approaches 
to  software  systeas  the  for*  their  von  Neumann  counterpart;  ore  rlso  ercrglng. 

Conourrent  with  the  evolution  of  computer  architecture  has  been  the  independent 
development  of  the  field  of  Artlfioial  Intelligence  (AI).  More  rsoently .  several  AI 
systams  have  been  demonst.T-.ted  to  be  capable  aids  to  humans  in  caking  dlirfioult  deoi- 


-  *3*r 


9-2 

siona.  Perhaps  ths  bast  known  of  these  have  gained  recognition  in  the  area  of  medical 
dlagnostlon. 

Fueled  by  DARPA  and  other  government  agsnoles  world-wide,  there  has  been  auoh 
reoent  Interest  in  using  AI  to  develop  aids  for  the  planning  and  exeoution  of  military 
operations.  As  developing  AI  systems  wars  tried  on  von  Neuaann  processors  their 
performanoe  has  besn  found  to  ba  too  slow  for  them  to  be  viable  in  many  military  and 
real  time  applications. 

One  reason  that  AI  systems  perform  poorly  on  von  Neumann  architectures  is  beoause 
they  must  repeatedly  oyole  through  many  memory  looatlons  and  prooess  them  sequentially. 
Aooessing  and  prooess ing  one  memory  unit  at  a  time  is  the  nature  of  the  sequen¬ 
tial  von  Neumann  maohlne  but  not  neoessarlly  the  nature  of  the  AI  system.  He  are  thus 
led  to  a  general  requirement  for  alternative  arohlteotures  whioh  are  suitable  for  AI 
system  exeoution,  namely,  that  they  provide  parallel  aooess  to  many  units  of  memory  and 
the  ability  to  prooess  eaoh  unit  concurrently. 

Some  memory  aooesses  and  asaoolated  prooesslng  may  trigger  prooedure  oalls.  This 
would  cause  even  slower  exeoution  in  the  sequential  exeoution  model.  Performance  in 
the  parallel  soheme  will  be  affeoted  by  the  number  of  prooessors  that  are  available. 

In  th'  worst  oase,  only  one  processor  handles  all  prooedure  oalls.  This  oauses  another 
form  of  periormanoe  bottleneck-- where  all  memory  units  have  been  aooessed  but  a  queue  of 
prooedure  oalls  is  being  handled  by  a  single  prooessor.  Accordingly,  another  general 
requirement  of  AI  nuohlne  architectures  Js  that  they  be  able  to  provide  prooedural- 
level  parallelism. 

It  would  appear  that  assigning  one  processor  per  prooedure  oall  would  solve  this 
problem.  However,  it  may  ooour  that  various  procedures  require  multiple  aooess  to  a 
shared  resource.  This  is  a  third  potential  bottleneok  and  introduoes  another  design 
requirement. 

The  above  dlsoussion  represents  some  of  the  Issues  Involved  in  the  execution  of  AI 
systems  that  should  be  kept  in  mind  when  evaluating  hardware.  To  compound  the 
situation  further,  AI  systems  are  oontlnually  changing.  An  arohiteoture  that  works 
well  for  today's  system  may  not  handle  the  evolving  systems  of  the  future. 

There  are  many  multiprocessor  arohlteotures  proposed  for  different  non-AI  applica¬ 
tions,  and  it  is  not  apparent  whioh  arohlteotures,  if  any,  optimally  support  AI 
systems.  In  this  paper  we  shall  provide  examples  of  ourrent  AI  arohlteotures  and 
Illustrate  how  they  handle  the  Issues  raised  above.  He  oonolude  with  a  raooomondatlon 
on  how  to  proceed  with  the  seleotlon  process. 

2.0  Maohlne  Arohlteotures  Past  and  Present 

2.1  The  von  Neumann  arohlteotural  model  has  a  single  prooessor  oonneoteO  co  memory  by 
a  oommunioatlon  bus.  The  bandwidth  of  the  communications  link  limits  system  perform¬ 
anoe. 


MEMORX 


BUS 


PROCESSOR 


Figure  1  von  Neumann  Arohlteotural  Model 

The  model  illustrated  in  Figure  1  is  the  olassloal  model  for  seouentlal  computing. 

Here  one  unit  at  a  time  can  be  transferred  between  the  store  and  the  CPU  and  henoe,  one 
unit  at  a  time  oan  b t  prooess ed. 

This  model  made  sense  when  the  memory  was  of  a  different  technology  than  the  pr-- 
oesaor,  for  example,  ferrite  oores  versus  discrete  transistors.  Today,  however, 
memories  and  prooessora  are  made  out  of  the  same  silicon.  As  suoh,  alternative  archi¬ 
tectures  are  possible.  Hlth  today's  (VLSI  teohnclogy  ws  now  have  ths  oapablllty  of 
providing  one  or  more  oomplete  prooessors  with  their  own  local  memory  on  ths  same  onlp. 
Ths  term  prnossslng  element  (PE)  is  used  to  refer  to  a  prooessor  and  its  assoc'ated 
looal  memory. 

3.0  Nature  of  AI  Computing 

He  envision  tnat  rand  ' date  AI  systems  for  aiding  in  ths  planning  and  execution  of 
air  wrrfars  and  ground  strike  operation*  will  incorporate  knowledge  through  rules  and 
data  atruoturaa.  As  a  findamsntal  aotlvitv,  external  inputs. all!  be  integrated  with 
known  datr  to  form  an  upgradad  sat  of  faots  on  which  tc  operate.  These  faots  will  os 
used  to  draw  ir.faranoas  whioh  lead  tn  further  updates  to  the  aooumulating  faots.  All 
of  this  activity,  if  It  la  to  ba  of  any  real  use,  must  bs  accomplished  quickly. 

The  production  system  'PS)  formalism  is  widely  used  to  modal  suoh  systems.  This 
is  booauae  ths  PS  modal  is  rsaotlve  to  ohsnge  sinow  all  data,  including  new  inputs  from 
sensor  readings  and  inferences,  is  oonalderod  immediately  for  the  neat  system  update 
oyole. 

He  present  an  ovarvler  of  tba  PS  formalism.  Then  va  explain  how  traditional  com¬ 
puter  taonnology  limits  run  time  performance  of  this  modal.  Ha  follow  with  an  explana- 
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tlon  of  how  speed  up  oan  be  aohleved  by  taking  a  forward  look  at  poaaibla  next- 
generation  AI  maohine  arohitaoturea  for  PS  axaoutlon. 

4.0  Produotlon  System  Overview 

A  PS  oonalata  of  threa  ooaponants:  rulaa,  faots  and  a  rule  lnterpratar.  The 
rules  are  logloal  expressions  in  the  fora:  IF  antecedent  THEN  consequent.  The 
antecedent  Is  of  the  fora  A1AA2A-.*AAk  where  the  Al  (1*1,.., k)  are  v.he  conditions  under 
which  the  rule  will  fire  or  baooaa  activated.  The  consequent  Is  of  the  fora 
Cl  V  C2  V...T  on  where  the  Cj  (J«1,...,n)  are  alternative  oono.luslonn  that  the  firing 
of  this  rule  leads  to.  Oftentiaes  J«1.  The  faots  are  In  the  saae  fora  as  the  rule 
anteoedent  conjunction  elements,  Ai  and  oonsequant  disjunctive  elements,  Cj.  The  rule 
interpreter  is  a  three  phase  loop  that  repeats  until  the  system  Is  halted.  The  three 
phases  are  the  aatoh  phase,  selection  phase  and  the  aotion  phase. 

As  an  exaaple,  suppose  we  have  the  rule  IF  (A.'C  IN  COMMERCIAL  AIRLINE ) A  (VELOCITY 
1120  KM/HR)  then  (A/C  IS  POTENTIALLY  NON  COMMERCIAL)  V  (CHECK  VELOCITY  SENSOR).  Here 
we  assuae  that  ooanerolal  aircraft  fly  at  velocities  S1120  KM/HR. 

Suppose  that  we  already  know  the  fact  that  A/C  IN  COMMERCIAL  AIRLANE  due  to 
prior  monitoring.  At  suoh  tine  when  the  veloolty  lnoreases  to  1  i20  KM/HR  or  Bore  this 
rule  Is  able  to  fire. 

4 . 1  PS  initial  load  and  execution  cycle 

The  following  flow  diagram  captures  the  startup  and  execution  of  a  production 
system  (7). 


START 

i 

LOAD  RULES 

I 

LOAD  FACTS 
EXECUTE  INTERPRETER 
STOP 


Execution  of  the  rule  Interpreter  oonsists  of  repeating  the  loop  Illustrated  in 
Figure  2- 


MATCH  PHAdfc:  oorpare  existing  Tacts  with  antecedents  of  all 
_ rules.  Keep  track  of  aatohlng  rules. _ 


terminate 


SELECflON  PHASE,1  select  or.e  mutofiirg  rule  according' to  some" 
(oonfllot  ferulutlon)  policy,  e.g..  FIFO 


■7.CTOT  FHIFSTT 


fire  the  rvlVEy  adding  lie  consequent  eloment(s) 
ro  the  facts  and  deleting  (or  marking)  the 
antecedent  facts  In  this  uiiosen  rule  so  It  will 
not  fl.'r  sgain  Infinitum  (otherwise  mark  the 
rule  In  some  way  so  It  will  not  aatoh  with 
thU  fact  combination). _ 


Figure  2  PS  Rule  Interpreter 


4 . 2  PS  execution  ps~formanoe  In  -g«ner^ 

Experience  hae  shown  that  about  90 1  of  the  computing  time  in  PS  exeeutlor  ie  spent 
In  the  mstoh  phase  with  the  rest  of  the  time  divided  evenly  between  the  oonfllot  reso¬ 
lution  (selection)  phase  and  the  action  phase  (4).  Since  the  execution  is  dcml- 

nsted  by  matching,  we  will  foous  on  the  execution  of  this  phase  in  this  o^per. 


*1.3  Matohln«  re"  Hgug&nn  style 

Suppose  the  PS  baa  R  pulaa  and  P  faota.  Tha  matoh  phasa  involve*  comparing  tha 
laft  hand  aide*  of  all  pulaa  to  aaa  If  they  aatoh  tha  current  faota  in  working  memory . 
Suppoaa  tha  rulaa  and  faota  ara  atorad  aa  follow*: 


too: 


TOf'T 


TOT  f 


MTT 

test: 


TELE'  ff 


Flgura  3  Rulaa  and  Pacta  in  Memory 

To  aatoh  rule  I  (1  «  1  «  F)  would  require  the  CPU  laauing  fetch  lnatruotiona  to  bring 
rule  I  into  lta  prooessTng  registers,  then  fetohlng  faota  until  either  a  aatoh  oooura 
or  all  faota  have  bean  tried.  He  ahall  refer  to  this  aotivity  as  aatoh  oyole.  Sinoe 
all  rules  are  to  be  aatohed,  R  aatoh  oyoles  are  required  during  the  aatoh  phasa  of  eaoh 
produotlon  system  exeoutlon  cyola.  Figure  *1  illustrates  the  PS  exeoution  oyole 
froa  the  aerial  viewpoint  we  are  desoribing. 

i 

— ►Tmatoh  for  ROlF.  1  I  --►•••  --■»!  aatoh  for  BPS  ft  I — -»(oonfllot  resolution)  — 

L - <Tcf>- . . -1 

Figure  4  PS  Exeoution  (Serial  Viewpoint) 

In  the  above  aoheae,  while  the  left  hand  side  of  the  rule  I  la  being  aatohed,  rules  1 
through  1-1  and  rules  1+1  through  S  are  sitting  idle.  Either  they  have  been  processed 
or  are  waiting  their  turn.  Many  enhancements  have  been  lapleaented  as  an  aide  in 
speeding  up  this  prooess,  naaely,  pre-fetoh  strategies,  oaohlng  and  pipelining.  Even 
to  the  degree  of  produolng  superooaputer  level  perforaanoe,  what  remains  is  a  bottle¬ 
neck  where  rule  I  is  aatohed  before  rule  1+1. 

What  does  this  aean  in  terms  of  exeoutlon  speed?  Studies  have  shown  rule  firings 
in  the  range  of  1  every  3  seoonds  to  about  60  firings  per  seoond  (4,  6).  If  AI  systems 
are  to  be  fleldable  they  must  be  aade  faster. 

4.4  Match  phase  parallelise  -  a  generlo  view 

Matohlng  oan  be  handled  in  parallel  by  dividing  the  rules  into  several  partitions 
and  performing  the  aatoh  for  eaoh  partition  in  parallel.  An  upper  bound  on  this 
would  be  to  have  the  number  of  partitions  equal  to  the  number  of  rules  in  the  system. 

In  this  oase  the  aatoh  for  eaoh  production  in  the  system  is  done  in  parallel.  System 
exeoutlon  oan  now  be  viewed  as  follows  (4): 


aatoh  for  RU'Lfi  1 


^Waatoh  for  RULfe  ft 


[~oonfllot  resolution!  — 


- dCT> - 

Figure  5  PS  Execution  (Parallel  Viewpoint) 


In  the  above  design  R  rules  would  be  aatohed  on  R  processors.  The  best  speed  up 
expeohed  la  a  factor  of  R  (2).  Suoh  a  matohlng  soheae  oan  be  accomplished  using  a 
oon tent  addressable  memory. 

5.0  Rex,  generation  maohlne  architectures 

Using  multiple  PEs  we  are  able  to  implement  an  associative  memory  in  whioh  we 
simultaneously  aooess  the  aontent  of  R  memory  locations  in  parellel.  He  can  have  R 
PEs,  eaoh  waiting  for  a  signal  froa  a  oontroller  PE  to  aooess  their  looal  memory.  When 
thr.t  signal  is  reoelved  they  perform  an  operation  on  their  looal  RAM.  Using  this 
soheae  we  oan  have  parallel  aatoh  phase  exeoutlon  where  the  looal  operation  performed 
Is  to  matoh  a  rule  that  is  stored  in  the  looal  RAM  against  f~.ots  that  are  also 
available  looally. 
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Ideally  on*  oan  realise  a  linear  speed  up  in  the  matoh  phase,  and  thereby  achieve 
a  substantial  lnorease  in  execution  speed  of  the  P3  exeoutlon  oyole  (2). 

Many  sobemea  are  possible  for  configuring  aultlple  PEs,  and  a  (rest  deal  of 
ourrent  researoh  la  devoted  to  finding  suitable  arohlteoturea  for  Al  computing.  He 
present  an  overview  of  two  oandldate  systems  whioh  we  have  ohosen  since  they  allow  for 
assoalatlve  matching.  As  part  of  our  overview  we  shall  show  how  the  PS  aodel  aaps  onto 
the  architecture.  He  shall  follow  with  a  view  of  two  other  aultiprooesaors,  then  oom- 
pare  and  eontrast  the  four. 

6.0  CAPO 

DADO  is  a  aultlprooessor  systaa  under  design  and  developaent  at  Coluabla 
University  (7).  The  PBs  are  arranged  baaed  on  a  ooaplete  binary  tree.  The  first 
prototype,  whioh  has  bean  operational  ainoe  198b,  has  15  PBs,  one  per  binary  tree  node. 
Baoh  PB  has  8-16E  of  looal  RAM.  The  next  prototype  will  have  1023  nodes  or  PBs  and 
should  be  operational  this  year,  future  plans  aa.il  for  100,000  PBs. 


overview  of  the  DADO  aaohlna  arohl teoture 


Hithln  DADO  ea^h  FB  oan  exeoute  in  either  SIND  or  M1MD  mode.  In  SIND  mode  the  PE 
exeoutea  Instructions  whioh  are  breadoast  by  some  anoestor  PE  within  the  tree.  This 
■ode,  for  example,  would  be  used  when  loading  Information  Into  the  tree.  In  MIND  mode 
eaoh  PB  exeoutes  instructions  stored  in  its  own  looal  RAM.  This  allows  a  PB  and  its 
descendants  to  be  disconnected  from  the  rest  of  the  tree.  In  this  way  the  tree  oan  be 
partitioned  into  logical  processes.  The  MIND  PE  may  broadcast  instructions  to  be  exe- 
outed  by  its  own  descendants  provided  they  are  in  SIMD  mode.  This  combination  of 
MIHD/SIMD  supports  the  logloal  division  of  the  machine  into  distinct  partitions,  eaoh 
executing  a  distinct  task.  The  root  node  of  the  entire  tree  would  be  a  conventional 
processor  acting  in  MIMD  mode  (e.g.,  a  VAX)  whioh  controls  the  operation  of  the 
ensemble  of  PEs. 


6.2  Produotlon  systems  on  DADO 


6.2.1  Loading  the  system 


Suppose  there  are  R  rules  in  the  PS.  Seleot  the  level  in  the  tree  haring  at  least 
R  nodes  (PBs).  He  refer  to  this  level  as  the  PM  level  (for  Production  Memory).  Load 
one  rule  per  PM  level  PB  so  as  to  achieve  maximum  parallelism.  As  a  result,  eaoh  rule 
oan  be  matohed  simultaneously.  At  the  same  time  load  a  copy  of  the  matcher  into  the  PM 
level  PE's  looal  RAM.  The  PBs  looated  below  tht  PM  level  are  referred  to  as  the  WM 
(for  Horklng  Memory).  The  UM  level  PEs  will  be  loaded  with  faots.  Since  rules  are 
loaded  first  we  oan  use  their  left  hand  sides  to  filter  the  faots  rs  they  are  broadoast 
downward.  In  this  way  only  relevant  faots  are  associated  with  each  rule.  The  result  of 
the  initial  load  oan  be  visualised  as  follows: 


figure  6  R  rules  and  F  facts  on  DADO 


6.2.2  PS  exeoutlon  on  DADO 

Onoe  the  system  is  loaded,  the  PS  oan  go  into  its  lnferenolng  oyole.  A  new  fact 

la  broadcast  by  tbs  host  (root)  PB  to  the  PM  level  PEs  which  are  in  SIMD  mode.  In  look 

step  they  switoh  over  to  MIMD  mode  and  prooesd  to  exeoute  the  match  phase—  all  rules 
have  their  left  hand  sides  matohed  in  parallel.  The  time  to  perform  the  matching  is 
Independent  of  the  number  cf  rules.  Hhen  the  matohing  phase  is  over,  processors  having 
aatohlng  left  hand  aides  will  have  flags  raised.  One  rule  is  seleoted  from  among  those 
that  matoh.  This  selection  will  be  made  aooordlng  to  a  standard  strategy,  such  as  the 
rsoent  aotlvity  of  the  system.  The  faots  on  the  right  hand  side  will  ba  passed  up  to 

the  host  whioh  will,  in  turn,  broadoast  them  to  the  PM  level  PEs  whioh  are  again  in  SIMP 

■ode.  This  prooess  continues  recursively. 


I 
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6.2.3  Egtaataga 

In  an  Ideal  cat*  whara  eaoh  PM  level  PI  oontalns  1  rule  aa  we  have  just  desorlbed, 
we  oan  realise  a  linear  speedup  In  aatoh  phase  execution.  In  a  systea  with  R  rulea  the 
oonventlenal  aaoblne  requires  R  aatoh  oyoles,  while  this  aoheae  requires  1. 

7.0  ASPRO 

Unlike  DADO,  wbloh  was  designed  with  production  systeas  In  slnd,  Goodyear  Aerospace 
Corporation  haa  found  their  ASPRO  nultlprooeasor  to  be  an  existing  aaohine  that  la 
highly  suited  to  speed  up  of  the  aatoh  phase  of  PS  exeoution  (S). 

7.1  An  overview  of  ASPRO 

It  Is  easiest  to  think  of  ASPRO  aa  an  array  of  20A8  siMD  PCs  eaoh  having  8K  bits 
of  looal  RAM  and  3  registers  X,  X  and  M.  ASPRO  la  a  bitwise  prooesaor  where  the  bit 
being  prooessed  Is  at  the  Intersection  of  a  bit  ooluan  window  and  a  bit  row  window. 
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i 

—  bit  oolunn  window 

♦ 

bit  row  window 

-8K  BIT3- 


«...  PROCESSOR  I 
<1  i  1  <  2048) 
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Figure  7  ASPRO  (General  View) 

A  row  of  bits,  or  sons  portion,  is  aooessed  by  advanolng  ths  bit  ooluan  window 
while  holding  the  bit  row  window  fixed.  A  ooluan  of  K  bits  Is  prooessed  by  fixing  the 
bit  ooluan  while  eaploylng  the  corresponding  K  prooessors.  Any  of  the  16  Boolean 
operations  oan  be  perforned. 

7.2  Produotlon  svstea  laoleaentatlon  on  ASPRO 

In  the  following  dlsousalon  we  shall  assuae  an  F  faot/R  rule  systea. 

7.2.1  Paot  base 

The  P  dlstlnot  feats  ere  either  known  or  are  Inferrable  froa  right  hand  sides. 

These  are  stored  In  a  dictionary  of  P  entries.  The  position  of  a  fact  places  it  In  uni¬ 
que  oorrespondanoe  with  the  natural  numbers  1  through  F.  As  an  exaaple,  consider  the  4 
facts  whloh  appeared  in  the  rule  we  presented  In  Seotlon  4.0.  Figure  8  shows  these 
stored  at  locations  1,  2,  15  and  F  in  the  faot  dictionary. 


1 

2 


15  hrermocm  a  nao  m/mr 


F  CHECK  VELOCITY  ggjjgOT 

Figure  8  ASPRO  Faot  Dictionary 
The  diotlonary  is  stored  in  the  prooessor  Descry. 

7-2.2  Rule  enoodlns  (IF-psrt) 

Any  of  the  F  faots  nay  appear  on  the  IF-slde  or  TH^N-slde  of  any  rule.  An  F-blt 
aap  Is  sufficient  to  enoode  eaoh  side  of  any  rule.  For  exaaple,  suppose  faots  15,  32 
«ind  495  appsar  in  the  IF  part  of  a  rule  (assunlng  F  >  495).  This  orn  be  ancoded  as 
follows: 


"  -hi  *-  °  ~»y  »- 8 


T7c~IH  COMMERCIAL  AIRLAWT 


A/fl  1/3  POTENTIALLY  HON  COMMBRCIAlI 


To  obtain  the  aotual  faots  the  systea  Is  required  to  look  up  entries  15,  32 
and  495  In  the  dictionary. 
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7.2.3  Rule  layout  In  aworr 

Th«  IF-parta  are  stored  In  an  R  word  by  t  bit  partition  in  memory.  The  firat  word 
oorreaponda  to  the  F-bit  enoodlng  of  the  IP-pert  of  rule  1  end  ao  on.  The  THBN-pjrta 
are  atored  in  a  aeparate  F  by  R  block.  Hera  the  firat  P-bit  column  oorreaponda  to  the 
THBN-part  of  rule  1  and  so  on. 

In  Figure  9  we  ahow  how  the  aaaple  rule  of  Seotlon  A.O  would  appear  in  the  aeaory. 


The  F  bita  of  the  X  regiater  are  used  to  keep  traok  of  the  ourrent  faota  in  the 
ayatea. 


FACT  DICTIONARY 
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'CHfiM  VgCSHTHT ' 

SENSOR _ 


R  words 
(one  per  rule) 


2  ta 


R  prooeaaora 
> one  per 
rule 


Figure  9  A  sample  rule  on  ASPRO 
7 . 2 . N  PS  execution  on  ASPRO 


Suppose  sensor  readings  indicate  that  A/C  IN  COMMERCIAL  AIRLANE.  If  nothing  else 
is  known,  this  will  be  encoded  as  follows: 

These  F  bits  are  loaded  into  the  X  register  and  represent  the  initial  state  of  the 
ourrent  facta.  This  portion  of  the  X  register  is  matched  against  all  rule  IF  parts. 

In  this  oase,  the  Ith  rule  does  not  match  owing  to  bit  15. 

Subsequent  sensor  reading  may  detect  the  additional  faot  that  the  A/C  VELOCITY  > 
1120  KM/HR  which  is  encoded  as: 

Now  the  IF  part  of  rule  I  will  match.  When  the  rule  fires  a  pointer  is  followed  to 
rule  I's  THEN-part.  The  F  bit  column  vector  used  to  encode  the  consequents 
is  added  to  the  ourrent  faats  In  the  X  register  by  performing  an  OR  operation.  This 
results  In  the  following  updated  status  of  the  ourrent  faats  In  the  system: 


u 

Foup  feats  are  now  known,  two  were  brought  in  by  sensors  and  two  wara  inferred  as 
a  result.  The  infersnoing  ayole  oontlnues  rsoursivsly. 

7.2.5  Psrformanos 

Currant  faots  stored  in  th«  X  register  oan  be  matohed  against  the  IF-parts  of  all 
F  rules  in  1  match  oyole.  The  first  bit  of  all  R  rules  is  ohaokad  against  the  first 
bit  in  the  X  register,  then  all  aeoond  bits  are  checked  and  so  on  through  bit  F.  Again 
we  observe  a  parallel  processor  that  is  able  to  Batch  all  R  rules  oonourrently. 


8.0  Butterfly 


Bolt,  Beranek  and  Nawaan's  (BBN)  Butterfly  is  a  MIMD  multiprocessor  where  eaoh  PE 
has  a  full  32-bit  prooeasor  and  at  least  256K  bytes  of  looal  memory.  As  such,  eaoh  PE 
provides  far  more  ooaputlng  power  than  those  in  either  DADO  or  ASPRO.  Currently  the 
Butterfly  ooaes  oonflgured  with  1  to  256  M68000  PBs  which  oan  be  expanded  to  oontain 
from  1  MByte  up  to  A  MBytes  of  looal  RAM.  The  memory  is  shared  among  all  the  PEs. 

This  is  accomplished  by  allowing  any  PE  to  referenoe  the  looal  memory  of  another  via  a 
switch  (1), 


Figure  10  Butterfly  (General  View) 


The  Butterfly  oan  simulate  single  prooeasor  von  Neumann  as  well  as  SIMP  architec¬ 
tures.  However,  the  associative  uatoh  schemes  that  napped  naturally  onto  DADO  and 
ASPRO  would  be  lost  here.  Several  rules  would  be  distributed  across  the  PEs  when  rules 
outnumber  the  PEs.  Aotually,  having  several  rules  per  PE  Bight  be  suitable.  As  AI 
systems  grow  larger  they  are  likely  to  be  partitioned  into  subsystems  themselves,  con¬ 
sisting  of  groups  c-f  related  rules.  The  related  rules  oould  be  distributed  aoross  the 
Butterfly  PEs.  The  shared  armory  would  provide  a  faoillty  for  communications. 
Unfortunately,  there  has  not  been  much  work  done  at  BBN  on  the  suitability  of  the 
Butterfly  to  the  execution  of  Production  Systems. 


S.O  Connection  maohlno 

Thinking  MeohinwS  Incorporated  has  produced  the  Conneotion  Maohlne.  Currently 
this  is  e  64K  PE  S1MD,  softwera-reoonfl|urable  multlprooess  system.  Eaoh  PE  has  4096 
bits  of  RAM.  The  associative  mmtoh  schemes  of  DADO  or  ASPRO  ers  saoh  abls  to  be  mapped 
onto  this  irohiteoturs.  So  ere  multitudes  cf  other  aoheuts,  slnoe  the  PBs  are  able  to 
be  logioally  oonneoted  into  whatever  pattern  best  suits  the  application.  A  PE  oan  be 
oonnaoted  to  any  other,  at  any  tlaa,  by  simply  storing  the  address  of  the  seoond  in  an 
appropriate  register  in  the  first.  Ths  reoonflguration  oan  ooour  at  systea  set  up  time 
and  dyna&ioally  at  run  time  (3). 
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10.0  imimnt 

So  far  we  have  viewed  four  multiprocessors  aa  potential  pattern  aatohes.  We  ahull 
now  provide  a  broader  aaseaaaent. 

10.1  Positive  attrlbutea 

DADO 


e  The  tree  arohlteoture  partitions  eaaily  into  logioal  processes  and  naturally 
■odela  the  forward  ohainlnf  PS  foraallaa. 

e  Area  efflolent  oonatruotlon  on  a  allloon  chip  oouplea  with  the  faot  that 
the  numb*-  of  pln-outa  reaalna  oonatant  no  Batter  how  densely  processors 
are  embedded  on  the  ohlp.  Thla  deaonatratea  a  potential  for  full  VLSI 
lapleaentatlon. 


ASPRO 

e  A  U.S.  all  speo'd  version  now  exists. 

e  The  20A8  PE  syatea  ooouples  8"xlO"x9.5"  and  weighs  only  37  pounds. 

e  PS  foraallsa  saps  onto  SIND  arohlteoture  quite  naturally. 

BUTTERFLY 

e  DADO  1  has  been  iapleaentad  using  an  8-blt  INTEL  ohlp;  ASPRO  has  a  16-btt 
processor  available  for  procedural  processing.  Butterfly  offers  a  con¬ 
siderable  advantage  alnoe  a  32-blt  M68000  with  at  least  286  KBytes  of  RAM  Is 
available  In  eaoh  PE.  If  soae  nuaerloal  processing  is  also  required  looal  to 
PE  aotlvity  the  Butterfly  is  better  equipped  to  handle  It.  An  example  of 
where  this  Bight  ooour  is  when  CHECK  VELOCITY  SENSOR  is  the  result  of  a  rule 
firing.  To  aoooaplish  this  a  FORTRAN  subroutine  Bight  need  to  be  exeouted 
looally. 

e  The  software  for  the  Butterfly  1s  Bore  aature  than  that  of  the  aultlproo- 
essors  considered  in  this  paper  slnoe  BBN  has  been  developing  it  over  the 
past  8  years  while  the  others  have  only  1  or  2  years  of  Investment. 

CONNECTION  MACHINE 

•  This  multiprocessor  Is  dynaaioally  reconflgurable.  As  suoh  It  provides  a 
very  useful  tool  with  which  to  study  the  different  arohlteoture  topologies 
aost  suited  to  various  applications. 

10.2  Negative  attributes 

DADO 


•  There  Is  a  potential  aoaauniaations  bottleneck  at  the  top  of  the  tree. 

•  Eaoh  PM  level  PE  Bust  be  synchronised  on  every  prooess,  and  many  Bay  be  idle 
waiting  for  slowest  PEs  to  finish. 

e  DADO  is  not  all  speo'd. 

e  The  PEs  between  the  root  PE  and  the  PM  level  are  used  sparingly  for  communica¬ 
tions  mainly.  They  are  sitting  idle  during  the  match  phase. 


ASPRO 


a  When  the  application  allows  procedural  intervention  as  part  of  the  oontrol 

strategy,  ASPRO  would  schedule  its  16-bit  sequential  processor.  When  several 
rules  involve  procedure  calls,  a  bottleneck  would  exist. 

e  ASPRO  would  perfora  poo<*ly  anytlae  the  syatea  has  to  be  reloaded,  as  is  the 
ossa  when  the  number  of  rules  exoeeds  the  capacity  of  the  system.  Soae  rules 
would  be  paged  to  disk,  oausing  an  appreciable  slowdown. 

e  A  faotor  that  must  be  oonslderad  is  the  aaount  of  tlae  it  takes  to  oonvert 
raw  signal  data  Into  encoded  fora.  This  say  be  a  serial  task  and  the  souroe 
of  another  possible  bottleneck. 

BUTTERFLY 

a  Butterfly  is  not  all-speo'd. 

a  There  is  ourrently  no  file  system;  syatea  loading  is  a  slow  prooess. 

•  Granularity  aay  be  too  coarse  for  soae  systems. 
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Host  Language  -  CMLISP 

Davalopaant  Tools  -  Symbol los  environment 
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Conclusion 


LISP  Suitability  -  Primary  language 
Inference  Engine  -  Various 

Expandability  -  1-64K  processors  oan  be  virtually  configured 
Physical  Slae  -  Standard  oabinet 
Rule  Capaoity  -  64K  plus 
-Availability  -  End  of  1985  for  64K  aodel 

1  ^  Tht-  flyt Url;  Jl*f 


pointed  out  several  Issues  that  shoiild  be  considered  as  part  of  an  eval- 
tentlal  »I  aaohlne  arohiteotures.  -We  have  then  exeapllfled  several  aoti\ 


uatlon  of  potential  AI  aaohlne  arohiteotures.  -We  have  then  exeapllfled  several  activi¬ 
ties  of  the  advanced  architecture  ooaaunlty  that  foous  on  laprovlng  the  run-tlae 
performance  of  AI  systeas.  One  oan  oonolude  that  when  the  architecture  aatohes  the 
algorltha,  the  perforaanoe  lnorease  is  substantial  over  that  of  von  Neuaann  arohi¬ 
teotures.  For  example ,  when  ASPRO  is  given  an  exact  natoh  forward  chaining  production 
system  to  execute,  the  perforaanoe  increase  is  linear  over  von  Neumann.  If  that  saae 
maohlne  architecture  were  presented  many  procedure  calls  during  execution,  perforaanoe 
would  degenerate  to  .that  of  a  sequential  architecture,  ") 

-  -  - 

Real-tlae  AI  system  designers  should  address  the  issue  of  Batching  their 
algorlthas  to  Bochins  arohiteotures  froa  the  beginning  of  the  systea  development  pro¬ 
cess.  The  higher  the  real-tine  performance  requirements  beooae,  the  more  critical  this 
ongoing  evaluation  beooaes.  _ _ 
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SUMMARY 


This  papar  provides  an  Interpretation  of  nvlonlos  arohltaotura  with  respaot  to 
systaa  ooaponants,  organisation,  and  design  factors.  Initially,  general  avionics 
arohltaotura  oharaotarlst.'os  are  addressed  followed  by  dlsousslons  on  emerging  new 
teohnologles  and  their  lapaot  on  advanaed  systeas.  Inforaatlon  handling  requirements 
are  projeoted  for  future  taotloal  alroraft.  In  addition,  advanoed  avionics  architec¬ 
ture  design  consideration  and  technical  issues  are  addressed  relative  to  achieving  ,, 
laproved  perforaanoe,  reliability,  survivability,  flexibility  and  low  life  oyole  cost.  <v— 


ARCHITECTURE  -  AN  INTERPRETATION 

Although  the  tera  "arohlteoture"  Is  subjeot  to  interpretation,  It  generally 
applies  to  systea  design  oharaaterlstios  suoh  as  lapleaentation ,  structure,  organisa¬ 
tion,  and  perforaanoe.  This  laplles  the  design  of  speoiflo  building  blocks,  the  inter¬ 
connection  of  building  blocks,  and  the  dynaalo  Interactions  and  aanageaent  of  building 
blooks  which  oontrol  the  behavior  of  a  systea. 

As  related  to  avlonlos,  a  systea  consists  of  the  ooablned  eleotrloal,  electronic, 
and  physloal  Integration  of  those  on-board  subsysteas  required  to  perform  the  opera¬ 
tional  functions  of  the  stated  alssion  of  the  aircraft. 1  Figure  1  depicts  a  slapllfled 
diagram  of  a  typical  avlonlos  suite  consisting  of  three  aajor  subsysteas  Interconnected 
by  aeans  of  a  communications  network  to  fora  an  arohlteoture.  A  sensor  suite  generally 
consists  of  equipment  that  enables  external  Information  (e.g.,  navigation,  com- 
aunicatlons)  to  be  aoqulred  for  use  by  the  systea.  A  processing  subsystem  provides  the 
necessary  alssion  processing,  coordination ,and  Information  distribution  functions.  A 
displays  and  controls  subsystem  provides  the  vital  between  the  operators  and  the 
systea. 
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Figure  1.  Simplified  Avionics  Model 
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Thero  are  numerous  ways  of  configuring  an  avionics  ayataa  where  a  particular 
arohltaotura  raaulta  froa  various  destgn  and  programmatlo  oonaldaratlons  and 
oonatralnta.  Thla  lapliaa  that  all  ayataa  design  objeotlvea  aust  ba  optlalaad  to  tha 
degree  poasibla  within  thaaa  oonatralnta. 

To  llluatrata  aoaa  of  tha  praotloal  aapaota  aaaoolatad  with  tha  design  of  an 
avionios  ayataa,  oonaldar  tha  alternatives  Involved  with  the  prooeaalng  aubayataa  in 
Figure  1.  Tha  aajor  oonaidaratlona  to  ba  addraaaad  are  ahown  In  Figure  2. 


PROCESSING  SUBSYSTEM 
ARCHITECTURE 
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Processing  option^  Interconnection  options)!  factors 


|INTRAL1ZED|  pISTR 


SINGLE 


DUAL 

IBEDUIDMQ1 


redundant 


a 


dedicated 


BUTEDl 


n 

TOUT 

LHI _ 

BUS 

- 

jCOOPERATIVq 


pUNCTlQNAl 


HYBRID 


1553B 

High  , 

SPFFD  1 

L TWISTED 

I-  COAX 

PAIR 

u  FIBER 

OPTICS 

X 


X 


I 


SINGLE  A&B)  I  REDUNDANT 


PERFORMANCE 

INTERFACE  COMPATABILITY 

PARTITIONING/CONTROL 

GROWTH/TECHNOLOGY 

AVAILABILITY/ INSERT I ON 

RELIABILITY 

SURVIVABILITY 

STAMJARDS 

COMMONALITY 

NE1 GHT/PONER/VOLUME 

COST/SCHEDULE/RISK 


GLOBAL  |  [PARTITIONED! 
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Prooeaalng  Optlona 

There  are  aaveral  general  approaohaa  that  oan  be  conaidared  for  avlonloa  pro¬ 
oeaalng.  The  traditional  approaah  ia  oentralisad  prooeaalng.  Thla  implies  that  all 
prooeaalng  funotlona  realde  within  a  alngle  prooeaalng  element.  Alternatively,  for 
lnoreaaed  reliability,  a  baok-up  or  redundant  prooaaaor  oould  alao  be  provided  In  the 
event  the  primary  prooaaaor  falia  and  ia  typically  referred  to  aa  the  dual  redundant 
approach.  However,  dual  redundancy  ia  atlll  a  oantrallaed  approach  alnoe  tha  pro- 
oeaaora  are  identical  both  in  hardware  and  in  aoftwara.  For  thla  approaoh  to  be 
viable,  provlaiona  muat  be  made  for  detecting,  confirming,  and  recovering  from  a  pro- 
oeaaor  failure.  Other  varlatlona  of  the  oentrallzed  approaoh  to  incorporate  higher 
degreea  of  reliability  oan  be  referred  to  aa  N-redundant  prooeaalng. 

Another  approaoh  that  la  ourrantly  gaining  iapetua  ia  dlatrlbuted  prooeaalng.  The 
objaotlva  of  thla  approaoh  la  to  find  methods  of  improving  performanoe  by  oreatlng 
ayatema  whloh  exploit  parallel,  oonourrent,  or  almultaneoua  execution  of  taaka  by  ualng 
multiple  prooeaalng  elementa.  There  era  many  olalmed  potential  benefits  of  thla 
approaoh  whloh  inolude  improved  performance,  reliability  and  expandability.  One  of  the 
problema,  however,  la  that  there  are  OJrrantly  no  uniform  lnterpretatlona  or  atandard 
approaohaa  to  applying  dlatrlbuted  prooeaalng  in  general,  let  alone  in  the  military. 
One  way  of  viewing  the  varlatlona  in  distributed  prooeaalng  ia  by  speolfio  methoda  of 
application  whloh  Inolude  dedicated,  funotlonal,  and  cooperative.  Dedicated  lapliaa 
that  a  prooaaaor  ia  spaoifloally  associated  with  or  dedicated  to  a  particular  equipment 
or  ayatem  function.  Funotlonal  lapliaa  that  system  functions  are  grouped  or  par¬ 
titioned  in  a  manner  that  these  groups  ara  assigned  to  speolfio  processors.  Coopera¬ 
tive  lapliaa  that  several  prooeaaora  oclleotlvely  or  cooperatively  perform  the 
neeeaaary  prooeaalng  funotlona. 
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Interoonnootlon  Options 

Figure  2  characterizes  the  basio  typea  of  interoonnection  options  available  for 
connecting  avionios  system  elaaents.  Point-to-point  oonneotlons  are  employed  for 
directly  connecting  equipments  by  neans  of  dedicated  links.  These  could  be  either 
parallel  or  serial.  Sinoe  point-to-point  connections  tend  to  lnorease  wiring 
complexity  as  well  as  overload  processor  I/O  channels,  systems  are  converting  to  bus 
oriented  architectures.  However,  systems  typioally  a~e  never  completely  bus  oriented 
and  require  certain  seleoted  point-to-point  connections.  The  reason  for  this  la  that 
for  certain  critical  functions,  where  bus  latency  is  intolerable,  a  dlreot  oonneotion 
may  be  required.  Another  reason  is  that  interface  ohanges  to  existing  equipuent  to 
accommodate  the  bus  may  be  cost  prohibitive.  Bus  bandwidth  limitation  is  also  a  fac¬ 
tor.  Consequently,  what  usually  results  is  a  hybrid  consisting  of  both  bus  and 
selected  point-to-point  connections. 

From  an  ai  ohlteotural  point  of  view,  bus  organization  could  be  either  global  or 
partitioned.  Assuming  the  1553B  philosophy  of  using  a  redundant  pair,  a  global  bus 
implies  a  single  path  is  provided  for  communicating  with  all  associated  resources. 
Redundancy  could  also  be  provided  as  back-up  by  adding  another  pair  of  busses,  where  a 
global  or  partitioned  soheme  oould  be  employed. 

Another  approach  that  could  be  used  is  referred  to  as  partitioned  global  busses. 
This  implies  that  several  bus  pairs  oould  be  provided  for  simultaneous  or  concurrent 
use  so  that  collectively  a  higher  bus  bandwidth  could  be  achieved.  For  example,  if  two 
1553B  bus  pairs  at  1  MHz  each  are  employed,  the  combined  bandwidth  would  approach  2 
MKz.  This  approach  requires  that  the  system  equipment  be  functionally  partitioned  so 
that  the  bus  traffic  is  proportionately  distributed.  Sohemes  could  also  be  devised 
such  that  the  loss  of  either  bus  pair  would  not  result  in  a  system  failure  by 
appropriate  equipment  distribution  on  the  busses. 

Other  Factors 


Other  factors  that  influence  the  design  of  a  processing  subsystem  architecture  are 
shown  in  Figure  2-  They  are  typical  of  any  military  system  and  are  both  technicrl  and 
non-technlcal  in  nature.  This  implies  that  trade-offs  are  constantly  being  mn-'.e  to 
optimize  and  balance  a  design  to  the  degree  possible  within  the  constraints  of  a  par¬ 
ticular  program. 


ADVANCED  AVIOHICS 


Estimates  for  future  tactical  aircraft  indicate  the  need  for  at  least  an  order  of 
magnitude  Increase  in  avionics  integration  when  compared  to  present  systems.  Countering 
threats  in  a  dense  electronic  countermeasures  and  a  night/adverse  weather  environment 
imposes  difficult  real-time  constraints  to  accurately  represent  constantly  changing 
situations.  Future  taotloal  aircraft  will  be  required  to  handle  an  abundance  of  infor¬ 
mation  from  multiple  sensors  and  automatically  initiate  action  and/or  present  the  crew 
with  reliable  dealslon  aids  that  permit  action  to  be  initiated  without  assessing 
multiple  independent  Information  sources.  This  implies  that  an  integrated  avionios 
system  will  be  required  to  process  and  transfer  massive  amounts  of  data  from  on-board 
and  remote  sensors  at  very  high  speeds  as  well  as  integrate  navigation,  communications, 
weapons,  flight  controls,  -  nd  other  functions  to  provide  a  high  degree  of  system 
synergism. 

Requirements 

Based  on  estimates  emerging  from  industry  and  govornment  for  future  taotloal 
aircraft,  a  quantitative  information  handling  requirements  model  was  developed  and  Is 
provided  in  Figure  3.  Referring  to  Figure  3,  information  handling  is  concerned  with 
the  flow  and  processing  of  data/information  between  the  sensors  and  the  dlsplayj  and 
controls.  Data  rates  between  the  pre-prooessors  and  signal  processors  are  estimated  to 
range  from  20C  tc  500  mega-bits  per  seoond  per  channel  and  the  data  rates  between  the 
signal  processors  ar.d  data  processors  are  collectively  estimated  to  range  between  100 
and  200  mega-bits  per  seoond.  These  data  rates  are  considered  to  be  associated  with 
the  sensor  distribution  network  portion  of  an  avlonlo  syacem.  The  data  distribution 
network  portion  of  the  system  (whloh  connects  the  data  processors  to  mlssion/airoraft 
subsystems,  mass  memories,  and  displays  and  controls)  Is  estimated  to  range  between  50 
and  100  mega-bits  per  seoond.  Total  signal  processing  requirements  are  es. imated  at  10 
x  109  operations  per  seoond  while  the  capability  of  an  advanced  signal  procsssor  Is 
projected  to  be  on  the  order  of  10?  operations  per  seoond.  Total  data  prooesslng 
requirements  are  estimated  at  50  x  10®  operations  per  seoond  while  the  capability  of  an 
advanced  data  processor  is  projected  to  be  on  the  order  of  2  to  5  x  10“  operations  per 
seoond.  Other  requirements  include  significant  improvements  in  reliability  as  well  as 
data  fusion  capability  to  optimize  the  use  of  all  sensor  information  to  enable  the 
pilot  to  make  rapid  and  aoourate  deolsions. 
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•  RELIABILITY:  10X  -  1O0X  IMPROVEMENT 

•  OAT*  FUSION:  OPTIMIZE  USE  OF  ALL  SENSOR  INFORMATION 


Figure  3.  Advanced  Information  Handling  Requirements  Model 


New  Technologies  and  Concepts 


Performance  requirements  Indicate  the  need  for  signal  and  data  processors  using 
VHSIC  technology  speeds.  In  addition,  the  magnitude  of  processing  required  implies  the 
need  for  multiple  processors  which  will  employ  distributed  processing  and  networking 
oonoepts.  The  high  data  rates  required  indicate  the  need  for  high  speed  fiber  optic 
bussing  as  well  as  sensor  and  data  distribution  networking  sohemes.  Achieving  high 
reliability  will  require  effective  fault  toleranoe  oonoepts  ooupled  with  high  reliabi¬ 
lity  VHSIC  components. 


Data  fusion  is  a  key  that  is  required  to  optimize  the  use  of  available  sensor 
information.  However,  fusion  processing  has  difficult  real  time  constraints  both  in 
the  time  in  whioh  to  perform  the  required  processing  and  required  time  response  to 
rapidly  developing  situations.  Performance  oould  be  Increased  by  the  use  of  artificial 
intelligence  (AI)  to  provide  additional  tactical  decision  aiding  functions.  However, 
the  Incorporation  of  AI  will  require  a  vast,  tailored  knowledge  decision  tree  operating 
In  a  real  time  environment.  The  use  of  data  fusion  and  AI  also  implies  the  need  for 
significant  lroreases  in  memory  storage  capability,  both  on  the  primary  and  secondary 
levels. 


Table  1  provides  a  summary  of  avlonlo  system  architecture  goals  and  objectives  and 
the  means  or  technology  needs  for  achieving  these  goals. 
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Table  1.  Technology  Needs 


GOAL 

1 

HEARS 

PERFORMANCE 

a  HIGH  DATA  RATES 
a  HIGH  PROCESSOR 
THROUGHPUT 

a  VHSIC  PROCESSORS:  S-10X  SPEED 
a  FIBER  OPTIC  BUSSES:  50-100X  BANDWIDTH 
a  SENSOR  FUSIOH/AI /INTEGRATION 

EASE  TECHNOLOGY 

INSERTION 

a  DISTRIBUTED  PROCESSING- INCREHENTAL  EXPANSION 
a  STANOARO  BUSSES/INTERFACES 
a  FLEX  IDLE /STANDARD  ARCHITECTURE 

INFRASTRUCTURE 

FLEET  READINESS 

INCREASE])  RELIABILITY/ 
MAINTAINABILITY/ 
AVAILABILITY/ 
SURVIVABILITY 

a  FAULT  TOLERANCE 
a  VHSIC:  BUILT-IR-TEST/REDURDANCY 
a  NETWORKING/RECONFIGURATION 
a  FIBER  OPTiCS:  EM/EMP 

LIFE  CYCLE  COSTS 

MXIHUH  HARDWARE/ 
SOFTWARE  COMMONALITY 

«  common  module  set  ino-so  max) 
a  ADA  SOFTWARE 

a  ARCHITECTURE  STAHDAoJS  -  NETWORKS/BUSSES/ 
INTERFACES 

DECREASED 

Wr.lGHT/VOLUHE/ 

POWER 

a  VHSIC:  V5-1/10  CURRENT  TECHNOLOGY 
a  INTEGRATED  PACKAGING 
•  RESOURCE  SHARING 

FOSTER 

CONPCTITION 

a  COTTON  MODULE  SET 
r  ARCHITECTURE  STANDARDS 
t  INTEGRATED  PACKAGING 

Technical  Issues 


The  ohoice  of  architecture  will  depend  on  the  availability  and  maturity  of  key 
technologies  and  concepts  as  well  as  their  ability  to  oo-exlst  In  a  system  environment. 
Issues  regarding  VHSIC  and  fiber  optic  technology  Include  Interoperability,  Insertion, 
and  Interfacing  as  well  as  their  ability  to  support  selected  system  topologies  and  con¬ 
cepts.  Issues  concerning  distributed  processing  and  networking  include  partitioning, 
communications ,  and  control  strategies.  Issues  concerning  fault  tolerance  include 
techniques  for  fault  detection,  containment,  isolation,  and  recovery.  Issues  con¬ 
cerning  sensor  fusion  and  AI  Include  system  integration  requirements  as  well  as  addi¬ 
tional  Information  handling  functions  ar.-I  resources. 

Architectural  Impaots 

The  evolution  of  avionics  architectures ,  as  a  function  of  time,  is  depicted  in 
Figure  A.  Earlier  systems  employed  single  1553  bus  architectures  which  are  growth 
limiting  and  subject  to  potential  single  points  of  failure.  Newer  systems  as  well  as 
updated  systems,  employing  current  technology,  are  exhibiting  the  use  of  multiple  1553 
busses  as  well  as  multiple  processors.  In  general,  the  use  of  multiple  busses  and  pro¬ 
cessors  would  tend  to  Increase  bandwidth  as  well  as  reconfiguration  alternatives. 

In  the  longer  term,  future  systems  will  employ  the  advsnced  technologies  and  con¬ 
cepts  previously  disauased  and  shown  in  Figure  4.  There  are  numerous  approaches  for 
Incorporating  these  technologies  and  ooncepts  into  an  avionics  arohiteoture.  Possible 
implementations  could  range  from  multiple  bus  to  total  switch  networks  or  some  com¬ 
bination  of  these  and  other  topologies.  As  shown  In  Figure  2,  since  the  selection  of 
an  optimum  arohiteoture  Is  subject  to  many  factors  and  trade-offs,  an  arohiteoture 
development  model  is  provided  In  Figure  5  to  facilitate  analyses.  This  would  enable 
the  allooatlon  of  functional  parameters.  Information  flow,  and  the  selection  of 
appropriate  ooupling  mechanisms. 
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Figure  U.  Avionics  Arohlteoture  Evolution 


To  Illustrate  a  possible  implementation  of  an  advanoed  arohlteoture,  oonsider  the 
sensor  distribution  anti  data  dlatributlon  network  partitioning  as  shown  in  Figure  5.  If 
the  coupling  aeohanisa  oonneoting  the  signal  processors  were  point-to-point  fiber  optio 
busses  and  a  crossbar  switch,  then  a  resource  sharing  oonoeot  could  be  esrployed.  By 
using  a  pool  of  signal  prooessors  rather  than  dedicating  then  to  eaoh  sensor  would 
enable  the  use  of  redundancy.  This  approach  could  provide  a  worst  osse  signal  pro¬ 
cessor  to  be  spared  for  incorporating  reconfiguration.  Point-to-point  bussing  is 
required  because  of  the  high  data  rates  (200-500  MBPS/ohannel)  shown  in  Figure  3  while 
the  orossbar  switch  would  permit  any  sensor  to  be  ao.ineoted  to  any  signal  prooessor. 

The  aensor  dlatributlon  network  oould  oonneot  to  the  data  diatrlbution  network  vis 
a  multi-drop,  party-line,  50-100  KHz,  lual  redundant  hua.  Currant  oonoepta  for  *roor- 
poratiuc  «.  nultl-port  flbaroptio  bus  is  by  tha  use  of  star  oouplsra.  It  is  envisioned 
that  nultlple/diotrlbuted  data  processors,  ■isaion/airoraft  subsystems,  displays  and 
controls,  and  possibly  A1  subsystems  would  oomaunioate  via  tp.is  bussing  configuration. 

Further  information  regarding  avionic  oomputer  architecture  and  altsrnatlvs  topo¬ 
logies  is  provided  In  Reference  2.  Assessment  ftotors  that  can  be  applied  to  qualita¬ 
tively  evaluating  alternative  architectures  are  provliiwd  in  Reference  3. 


SENSOR  DISTRIBUTION  NETWORK 


DATA  DISTRIBUTION  NETWORK 


I 

SIMM.  !  DATA  NISSIOR/AIALAAFT 


Figure  5.  Architecture  Development  Model 


CONCLUSIONS 

Architecture  Implies  structuring,  organizing,  and  managing  building  blocks  to 
achieve  a  required  level  or  system  performance.  Avionics  arohiteoture  building  blocks 
Include  sensor,  processing,  display  and  oontrol,  and  communication  components.  Thu 
design  of  an  avionios  architecture  requires  balancing  and  trading  many  factors. 

Advanced  avionios  will  require  the  use  of  new  technologies  and  concepts.  These 
lnolud«  integration,  sensor  fusion,  resource  sharing,  AI,  VHSIC  processors,  fiber  ontlo 
busses,  distributed  processing,  networking,  and  fault  tolerance.  Issues  to"  be 
addressed  regarding  these  technologies  and  concepts  inolude  their  availability,  inser¬ 
tion,  interfacing,  and  interoperability.  Architecture  impaots  inolude  sensor  and  data 
distribution  network  topologies  as  well  as  oontrol  schemes  to  manage  and  optimize 
resource  sharing,  distributed  processing,  and  fault  toleranoe  conoepts.  In  addition,  a 
atandard/fiexlble  Infrastructure  should  be  provided  to  enable  ease  of  future  technology 
insertion  and  optimize  oulti-platform/seryioe  applicability. 
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^  A  pilot  flying  low  and  fast  needs  to  know  where  he  is  all  the  time.  He  needs  to 
know  the  nature  of  the  local  terrain  and  his  actual  track.  He  needs  help  in  identifying 
waypoints,  threats,  and  targets.  Ha  needs  all  this  and  more  without  distracting  him 
from  his  attention  to  the  safety  of  the  aircraft  and  the  overall  demands  of  the  mission. 

The  ideal  way  to  provide  this  Information  is  as  a  continuous  colour  map,  orientated 
track  up,  with  all  associated  information  overlayed.  It  must  also  be  usable  by  day  and 
by  night.  No  currently  available  equipment  can  achieve  all  these  alms  satisfactorily, 
other  than  a  digital  colour  map  generator  providing  video  to  a  multifunction  colour  CRT 
display.  Such  an  equipment  has  been  developed  by  GEC  Avionics  and  successfully  flight 
tested. 


Interest  is  now  focussing  on  increasing  the  benefits  that  accrue  from  the  use  of  the 
equipawnt  in  helicopter  and  fixed  wing  aircraft,  in  training,  operationally,  and  as  an 
aid  to  mission  planning.  The  ease  with  which  the  digital  map  database  can  be  updated 
and  overlayed  is  a  factor.  It  is  as  useful  during  mission  planning  as  it  is  to  the 
pilot  in  the  air.  This  paper  considers  how  such  a  computer  aid  might  be  used  and 
identifies  same  of  the  increases  in  effectiveness  that  follow. 


INTRODUCTION 

Host  modern  aircraft  designs  configured  principally  for  air-to-ground  roles  have 
recognised  the  importance  of  topographical  information  to  the  pilot  by  providing  a 
projected  map  display  in  a  prominent  position  in  the  cockpit.  Examples  ares  Jaguar,  A-7, 
Harrier,  F-18  and  IDS  Tornado.  All  such  systems  to  date  have  used  electro-mechanical 
techniques  to  project  ar>  image  of  the  map  around  the  aircraft's  present  position  from 
charts  stored  on  optical  film.  The  intention  of  providing  the  pilot  with  an  automatic 
means  of  maintaining  an  awareness  of  his  position  and  track  in  relation  to  the 
surrounding  terrain  and  points  of  Interest  has  only  partially  succeeded.  Shortcomings, 
in  no  particular  order  of  importance  ares 

(i)  The  dedicated  map  display  occupies  prime  instrument  panel  real  estate  which 
cannot  be  shared  with  other  sensors/functione; 

(ii)  It  employs  electro-mechanical  technology  which  tends  to  be  unreliable  and 
requires  maintenance  skills  which  are  becoming  less  and  less  available! 

(ill)  There  la  no  provision  for  annotation  of  the  map  data  with  related  mission 
information  such  as  route  plan,  targets,  threat  data  or  other  intelligence 
unless,  as  in  some  designs,  radar  or  mission  overlay  symbols  from  a  monochrome 
CRT  are  introduced  via  a  beam  splitter  in  the  optical  path.  The  complexity  of 
such  a  technique  in  the  confined  space  of  a  cockpit  instrument  panel  can  only 
aggravate  the  lack  of  reliability  without  adequately  satisfying  operational 
needs.  Nevertheless,  it  is  an  approach  which  has  benefited  from  great  Ingenuity. 
Today  however  other  technologies  are  available  which  make  alternative  solutions 
much  morn  attractive! 

(iv)  The  use  cf  optical  film  as  the  siap  storage  medium  leads  to  a  considerable 

reduction  in  operational  flexibility.  Despite  the  provision  of  spools  covering 
different  operational  areas,  it  is  very  difficult  to  ensure  the  availability  of 
the  right  combination  of  scalea  of  the  required  geographic  areas.  For  example, 
it  is  not  normally  possible  to  predict  in  advance  those  target  areas  which  might 
be  required  for  future  missions  at  large  scale  (1  in  50,000  or  1  in  100,000  and 
conveniently  the  same  as  those  used  by  friendly  ground  troops).  The  spools 
generally  contain  smaller  scales  (1  in  500,000  or  1  in  1,000,000),  with  a  large 
enough  area  to  cater  for  as  many  potential  missions  as  possible; 
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(v)  The  inflexible  nature  of  the  flla  atorage  medium  leads  to  other  problems.  The 
long  supply  cycle  ensures  that  information  ta  out  of  date  at  issue  and  is 
unlikely  to  be  updated  at  a  greater  frequency  than  twice  a  year.  To  compensate 
for  this  pilots  usually  fly  with  additional  paper  maps,  involving  just  the  tasks 
considered  ito  be  unacceptable  in  the  high  speed  low  level  environment  and  which 
the  moving  map  is  intended  to  avoid.  The  pilot  haa  to  carry  paper  naps  for  the 
larger  scales  with  the  greater  detail  and  also  the  smaller  scale  paper  naps  with 
greater  coverage  marked  up  by  hand  with  the  latest  chart  amendments  (CALF). 

These  paper  maps  are  used  to  fulfil  prlury  functions.  Only  if  they  were  carried 
as  a  last  ditch  alternative  against  the  possibility  of  an  equipment  failure  could 
they  be  justified! 

(vl)  Plying  close  to  ground,  particularly  at  night  or  in  adverse  weather,  requires 
close  to  100  per  cent  head  up  concentration.  Head  down  glances  should  be 
restricted.  Safety  is  bound  to  be  affected  if  head  down  scans  take  more  than  a 
fraction  of  a  second  to  complete.  Examples  of  nap  generated  delays  and 
distractions  are  north/south  transitions  from  one  optical  flla  strip  to  the  next, 
manual  selection  of  scale  changes,  or  nap  slew/look  ahead  which  can  all  take 
several  seconds  to  complete.  In  his  hostile  high  workload  environment  the  pilot 
needs  an  instantaneous  reaction  to  a  command.  Waiting  for  a  response  could  be 
disastrous.  (This  consideration  applies  to  other  relatively  slow  access  storage 
media  too,  e.g.  optical  disk,  but  not  to  random  access  semiconductor  memory) r 

(vli)  The  requirements  of  night  vision  and  compatibility  with  night  vision  goggles  can 
not  be  totally  satisfied  by  the  introduction  of  optical  filters  or  the  control  of 
display  brightness.  Greater  flexibility  in  the  control  of  individual  smip  colours 
Is  necessary  to  reduce  the  general  brightness  of  light  coloured  map  background 
without  losing  the  colour  contrast  necessary  to  pick  out  the  information  in  the 
map.  Significant  light  reflections  around  the  cockpit  at  night  are  to  be 
avoided! 


(viii)  Any  techniques  used  to  mix  map  and  overlay  Information  after  subjecting  each  path 
to  disimilar  error  sources  is  bound  to  degrade  registration  accuracy.  Perfect 
registration  can  only  be  achieved  by  encoding  both  sets  of  information  at  source 
in  a  digital  database! 

(ix)  An  optical  film  allows  no  flexibility  to  provide  desirable  display  facilities 
such  as  an  electronic  ‘soon*  or  the  ability  to  declutter  unwanted  i.  formation 
from  the  display! 

(x)  optical  film  storage  does  not  permit  integration  with  the  digital  terrain 
databases  likely  to  be  required  by  other  systems  in  the  future.  Two  forms  of 

f  database  would  need  to  be  carried  and  be  maintained.  There  would  be  no 

I  possibility  of  introducing  some  of  the  exciting  new  concepts  intc  the  map 

display,  such  as  terrain  avoidance  or  threat  displays!  it  merely  reproduces  an 
*  image  of  the  standard  chart. 

While  I  have  listed  a  number  of  inadequacies  in  current  projected  map  systems,  there 
is  no  doubt  that  they  have  been  well  received  by  pilots.  They  have  provided  the 
essential  direct  link  between  the  navigation  syctoms  computed  present  position 
co-ordinates  and  the  pilot's  appreciation  of  his  relationship  with  the  outside  world. 

No  longer  should  he  need  to  identify  his  position  and  track  on  a  paper  map  folded  (or 
unfolded)  in  the  confined  space  of  his  cockpit  while  simultaneously  trying  to  avoid 
haxards  and  complete  his  mission.  Automated  map  displays  are  potentially  a  major 
contributor  to  flight  safety.  One  might  have  averted  tne  mid  air  collision  between  a 
Harrier  and  a  Starflghter  in  1985,  reference  1,  and  there  are  no  doubt  many  more  cases 
to  support  the  argument.  However,  much  more  is  now  possible  using  current  technologies. 
The  ten  criticisms  of  projected  maps  outlined  above  can  all  be  overcome  with  the  latest 
Digital  colour  Hap  built  by  GEC  Avionics.  Indeed  the  map's  value  extends  beyond  the 
dedicated  Ground  Attack  rolea  into  those  of  Air  Defence. 


TECHNOLOGY  OPTIONS 


A  general  overview  of  the  development  of  technologies  from  the  surliest  Projected 
Hap  Displays  is  given  in  Table  i .  By  the  1970s  operators  were  aware  of  some  of  the 
shortcomings  of  these  dedicated  displays.  They  were  unable  to  annotate  charts  by  hand 
as  thay  uasd  to  with  papar  maps  and  a  need  to  provide  radar  updatas  of  the  navigation 
system  by  map  matching  waa  idantifiad  as  a  useful  supplement  to  visual  updatas.  At 
their  beet  however,  combined  map  and  CRT  displays  designed  to  satisfy  such  raqulrsmonts 
suffer  from  the  majority  of  the  problems  already  idantifiad  snd  in  addition  offar 
lnfarior  resolution.  A  satisfactory  solution  had  to  await  tha  1980s  and  tha  development 
of  i 


o  high  performance  colour  CRT  displays 
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Tab!*  1  Map  Technology  progreselon 
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The  relatively  recent  but  long  anticipated  demons trat Ion  of  high  brightness  high 
resolution  rugged  shadowmask  CRTs  has  met  the  need  for  truly  multifunction  cockpit 
colour  displays.  It  is  now  entirely  practicable  to  provide  a  relatively  low  complexity 
display,  capable  on  the  one  l.and  of  a  high  quality  remotely  generated  colour  map  image 
and,  on  the  other,  of  a  FLIR  picture  with  a  resolution  equivalent  to  that  achievable  on 
a  monochrome  display.  The  use  of  colour  to  highlight  FLIR  detected  targets  is  a  topic 
not  yet  fully  explored.  In  the  wings  there  remains  the  future  possibility  of  even 
greater  performance  from  the  now  emergent  beam  indexed  CRT  technology,  slightly 
optimistically  predicted  for  the  early  1980s  in  reference  2. 

The  second  technology  development  relates  to  the  strides  made  in  digital  mass 
memories.  Earlier  magnetic  media  all  suffered  from  physical  size,  environmental 
constraints  or  access  time  limitations.  Only  recently  have  optical  disk  and 
semiconductor  memories  been  developed  sufficiently  to  be  considered  practical  options. 
Even  today  some  doubts  must  remain  with  regard  to  the  ability  of  an  optical  disk  to  meet 
full  military  environments  bearing  in  mind  the  necessity  of  maintaining  read  head  track 
and  focus  with  a  greater  precision  than  the  wave  length  of  the  laser  light  used. 

However,  considerable  effort  is  now  being  applied  in  these  areas  which  should  ultimately 
offer  the  potential  of  several  hundred  megabytes  of  memory  in  a  relatively  compact 
package.  Other  developments  of  the  disk  itself  may  permit  the  use  of  an  erasable  media 
instead  of  current  'write  once*  technology.  Even  optical  disk  drives  cannot  fully  meet 
map  requirements  for  instantaneous  access. 

Long  access  times  are  not  a  problem  which  randomly  addressed  semiconductor  memories 
suffer  from.  Requirements  for  large  capacity  memories  of  this  sort  have  driven  the 
technology  to  exceptional  Increases  in  bit  densities.  One  megabit  uv  erasable  EPROM 
chips  ere  available  today  with  4  megabit  devices  promised  in  the  future. 

The  development  of  efficient  data  compression  algorithms  has  given  greater  map  area 
coverages  using  more  restricted  memory  capacities.  Actual  compression  ratios  achieved 
vary  with  the  map  content  but  sufficient  work  has  now  been  done  to  confidently  predict 
achievable  values.  This  has  led  to  relatively  economic  map  memory  designs  using  EPROM 
technology  with  no  attendant  doubts  about  environmental  soundness. 

An  intermediate  technology  not  discussed  so  far  uses  the  older  optical  film  storage 
technique  and  converts  the  image  to  an  analogue  video  signal  for  remote  display  on  a 
colour  CRT.  While  obviously  benefiting  from  the  use  of  a  multifunction  cockpit  display 
and  preserving  the  use  of  existing  film  database  support  systems,  this  hybrid  approach 
founders  by  preserving  most  of  tha  inadequacies  of  the  current  projected  map  systems 
listed  above.  It  is  unlikely  to  find  a  role  in  the  face  of  competition  frost  digital  map 
generating  systems  in  the  future,  nor  can  it  benefit  from  the  exintlng  and  emerging 
digital  databases. 


THE  DIGITAL  COLOUR  HAP 


The  GBC  Avionics  Digital  Colour  Hap  has  been  described  before,  rafaranca  3.  This 
discussion  will  therefore  ba  lialtad  to  an  outlina  description,  ldantifying  key  features 
of  the  latest  design  configuration. 

Earlier  versions  have  bean  flying  in  a  Royal  Aircraft  Establishment  Wessex 
helicopter  since  October  1984  and  have  ainca  been  delivered  to  support  a  US  simulator 
programme.  Equipments  of  this  class  will  also  be  delivered  for  an  RAE  Lynx  helicopter 
programme  and  the  British  Army  Phoenix  UMA  where  it  will  be  a  koy  feature  of  the  Ground 
Station..  Fixed  wing  flight  trials  are  expected  to  begin  soon  in  the  RAE  Hunter  anci  a  US 
Navy  A-6.  In  all  cases  the  digital  databaae  has  been  prepared  in-house  using,  in  some 
cases,  subcontract  map  digitisation.  An  enthusiastic  response  from  the  pilot  community 
had  been  received. 

Figure  1  shows  a  simplified  block  diagram  of  the  Digital  colour  Map.  A  key  feature 
is  the  partitioning  of  the  database  memocy  into  two  categories*  that  which  changes 
infrequently  but  is  required  in  very  large  quantities*  and  that  which  is  changed  from 
mission  to  mission  but  of  which  there  is  conveniently  least 

(i)  EPROM  data,  consisting  of  large  areas  at  several  scales  of  compressed  map  data 

formatted  as  small  individual  'tiles*.  This  data  would  normally  be  changed  only 
in  the  event  o  .  out  of  area  operation  o.‘  when  the  map  is  subject  to  its 
relatively  infrequent  but  regular  update  requirements.  The  tiles  can  either  be 
composite  or  be  subdivided  into  feature  plane  layers  to  facilitate  the  declutter 
function  and  to  allow  DLMS  DTED  (Digital  Land  Mass  Survey,  Digital  Terrain 
Elevation  Data)  to  be  Introduced  in  place  of  contours/elevation  ahading. 


Fig.  1  Digital  Colour  Hap 

The  DTED  gives  the  flexibility  to  reproduce  contour  lines  or  provide  alternative 
displays  for  terrain  avoidance,  threat  avoidance,  radar  shadowing,  etc.  Although 
EPROMS  require  UV  exposure  for  erasure,  they  currently  provide  the  most  economic 
form  of  non-volatile  semiconductor  memory. 

(li)  EEPROH  data,  consisting  of  mission  specific  data.  It  is  normally  inserted  as  a 
cartridge  but  can  be  loaded  in  situ  from  an  external  port  and  a  ground  support 
bus.  The  data  is  generally  formatted  in  the  sasm  way  as  the  EPROM  map  data  and 
is  indexed  to  provide  exact  correspondence.  Typical  data  are  the  limited  area 
large  scale  maps  which  can  only  be  identified  at  target  briefing  prior  to  the 
mission,  targets,  waypoints,  routes,  known  threats,  FBBA,  FLOT,  or  the 
aeronautical  overlays  which  change  so  frequently  in  peace  time.  Although  more 
convenient  to  use  than  EPROM,  EEPROM  at  this  time  provides  about  a  quarter  of  the 
density  at  four  time  the  price  per  bit.  It  would  not  currently  be  economic  to 
use  this  media  for  the  whole  memory. 

The  microprocessor  based  CPU  is  controlled  by  software  resident  in  non-volatile 
memory  in  the  CPU  card.  It  controls  the  data  flow  from  tho  databases  according  to 
commands  received  over  the  multiplexed  data  bus.  It  calculates  the  map  areas  required 
to  update  the  scenu  memory  and  initiates  transfer  of  this  data  plus  any  overlay  to  the 
Decompression  card.  The  data  is  than  reformatted  into  the  expanded  pixelised  form 
required  by  the  scene  memory.  Part  of  this  reformatting  involves  selection/deselection 
of  overlay/map  layers  according  to  the  level  of  declutter  selected  by  the  operator.  The 
area  maintained  within  the  scene  memory  is  in  a  North-up  format,  and  from  this  the  area 
to  be  displayed  is  accessed  with  the  appropriate  orientation  and  present  position.  The 
slse  and  rate  of  update  of  this  store  is  sufficient  to  allow  smooth  rotation  and 
scrolling  of  the  display  with  no  discernible  breaks  in  the  ma(  picture. 
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The  colour  palettes  on  tha  video  Output  card  further  condition  tha  dita  by  assigning 
colours  to  tha  pixel  coda  a.  (avers!  palettes  can  ba  storad  and  selected  by  commands  on 
tha  Multiplex  Data  Eua. 

Mills  the  block  diagram  outlines  tha  functions  nacaaaary  to  produce  an  image  of  a 
conventional  map,  waa  additional  facilities  ara  required  to  sake  full  use  of  the  DTED 
data,  or  to  interface  the  database  with  other  user  systems*  The  ability  to  interface  a 
large  capacity  optical  disk  drive  nysta*  in  place  of  the  EPROM  memory  is  a  feature  of 
the  design. 

Typical  sap  league  are  shown  in  Figures  2  and  3,  but  of  course  in  monochrome  In  this 
reproduction. 

Operational  modes  are i 

o  Switch-on/Standby 

o  Normal 

o  Slew 

o  Test 

During  standby,  initialising  operations  including  sslf  tsst  ars  carried  out 
automatically.  The  processor  than  lntarrogatsa  tha  database  and  indicates  the 
geographic  coverage  and  seals  on  tha  cockpit  display. 

During  Normal,  the  map  automatically  aligns  to  present  position  which  is  centred  In 
the  display  screen  In  tha  Nort.i-up  mods  or  offset  in  Track/Hsading-up  modes  to  provide 
increased  ‘look-ahead*.  Typical  functions  includet 

o  Map  orientation  -  North,  Track  or  Heading-up 

o  Scale  selection 

o  Zoom  -  continuous  to  2)1 

o  Mission  overlay 

o  Declutter 

o  Look-ahead  -  to  selected  waypoint/target 
o  Mark  or  Regress  -  to  Identify  points  of  interest 
o  Colour  Palette  Selection  -  day/night 

In  the  Slaw  mode,  the  map  may  bs  offset  under  manual  control  to  provide  a  visual  fix 
update  of  the  navigation  system.  This  feature  may  also  be  used  to  review  map  areas  a way 
from  present  position  as  an  altsrnativs  to  the  Look-ahead  function. 

In  the  Test  mode,  normal  operation  is  interrupted  and  an  easily  interpreted  test 
pattern  ia  presented  to  tha  operator. 

The  Digital  Hap  ia  typically  3/4  ATR  short  aisa  and  diaalpatas  150  watts. 


DIGITAL  DATABASE 

Although  there  are  several  databases  available  internationally,  coverage  is 
incomplete.  There  are  plana  in  both  the  US  and  UK  to  establish  standard  digital 
databases  for  cultural  information,  becoming  available  from  tha  early  1990s.  In  the 
interim  electronic  maps  must  make  use  of  existing  material. 

GEC  Avionics  have  experience  of  using  several  different  sources.  They  include: 

o  Digitisation  of  paper  charts 

o  Digitisation  of  individual  ink/faatura  planes  which  ara  used  by  the  printers  as 
source  material 

o  Use  of  UK  PACE  vector  data 

o  Use  of  DLMS  DTED 
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The  blending  together  of  thaaa  aourcaa  ha*  baan  demonstrated  successfully .  Plgur*  4 
outlines  a  general  tchaa*  raflecting  the  task*  to  produce  map  data  in  an  efficient  fort* 
for  loading  Into  tha  aircraft.  National  napping  agancia*  would  normally  provida  th*  top 
tlar  of  nourca  data  to  an  agraad  standard.  A  central  facility  would  moat  probably  also 
b*  Involved  in  producing  compressed  tile  data  in  a  format  auitabla  for  downloading  to 
tha  aircraft.  Tha  only  facility  assantlal  to  tha  local  base  is  a  memory  syataa  to  hold 
th*  abov*  axtanslv*  compressed  data  and  th*  ability  to  select  a  subset  for  particular 
aircraft  and  download  this  into  BPROM  or  EEPRON.  This  facility  might  moat  usefully  be 
linked  to  a  multiple  Mission  planning  facility,  networked  to  a  similar  work  station  for 
th*  intelligence  officer's  use. 


OTHER 

USERS 


Fig.  4  Comprehensive  Map  Digitisation  Scheme 


MISSION  PLANNING 

A  key  feature  of  the  nap  is  its  use  during  mission  planning,  allowing  complete 
missions  to  be  developed  and  "flown  through"  on  the  ground  using  the  same  information 
that  is  available  in  the  air.  Targets  or  waypoints  can  be  identified  and  verified  on 
the  map  before  loading  into  the  system,  as  can  relevant  intelligence  data.  The  mission 
planning  process  can  take  over  a  multitude  of  processing  tasks  currently  carried  out 
manually  or  in  a  fragmented  manner.  Fig.  5  shows  such  a  simple  user  friendly  facility. 
Other  capabilities  could  be  straightforwardly  added,  such  as  a  printer  for  a  permanent 
record,  a  video  frame  snatching  facility  to  allow  IK  reconnaissance  pictures  to  be 
viewed,  selected  and  loaded  into  the  mission  database  if  required. 

The  Mission  Planning  Station  can  also  be  used  for  debriefing.  On  reloading  the 
EEPRON  cartridge,  information  recorded  in  flight  can  be  re-run,  including  possibly 
mark/regreas  points,  new  threats  identified  during  a  mission,  and  many  other  features. 
It  would  also  be  straightforward  to  record  the  actual  route  flown  and  compare  this  with 
the  intended  one.  Actual  time  over  the  target  could  be  compared  with  that  planned. 
Although  potentially  valuable  for  training  purposes,  such  a  facility  is  likely  to  be  as 
popular  with  pilots  as  the  tacograph  is  with  truck  drivers. 

A  very  important  capability  of  the  Mission  Planner  is  the  provision  of  absolutely 
up-to-date  CALF  data  as  an  overlay  on  the  electronic  map.  It  also  enables  the  required 
large  scale  map  patches  to  be  carried  as  an  aid  to  IP  and  target  identification.  Both 
of  these  facilities  should  ensure  the  pilot  does  not  need  to  use  any  paper  maps  under 
normal  conditions.  He  would  only  carry  them  for  use  in  the  event  of  an  equipment 
failure  when  he  could  expect  some  reduction  in  operational  capability. 


MAP  AND  NTELLIGENCE  DATA  NETWORK 


mmatm 


Fig.  5  Mission  Planning  Station 


CONCLUSION 

»  i  •  ■ 

Digital  Colour  Map  technology  is  with  us  today.  Technical  risks  hove  been 
eliminated.  The  Mapping  Agencies  are  now  advancing  their  plans  for  cultural  database 
systems  of  the  future.  Very  significant  benefits  to  the  low  flying  helicopter  and  fast 
jet  pilot  are  in  the  offing.  Sons  of  these  benefits  will  also  aid  the  sir  defence  pilot 
where  knowledge  of  terrain  a.:d  situation  awareness  is  also  a  factor.  Integration  of  the 
map  with  other  terrain  referenced  functions  is  planned,  sharing  the  database  overhead. 
Some  of  these  future  development  are  discussed  in  a  paper  by  Hr  L  Bi-sbridge  later  in  the 
sympos i um . 
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M.  J.  Boyd  and  D.  lubban 
Nsval  Weapons  Center 
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The  proposed  elision  planning  station  described  In  this  paper  is  a  reoult  of  a  Naval  Weapons  Center 
discretionary  funded  study  perfoneed  In  conjunction  with  the  hV-8B  Program  Office  In  1985.  The  approach 
described  draws  heavily  on  the  development  and  deployment  of  digital  map  technology  for  use  on  modern 
attack  aircraft.  The  characteriatics  of  the  digital  map  are  derived  from  a  draft  product  specification 
currently  being  prepared  for  submission  to  the  Defense  Happing  Agency  (DMA),  and  the  AV-6B  requirements 
document  tor  a  digital  map  capability.  The  envisioned  digital  nap  would  utilise  optical  disk  storage 
for  the  amp,  and  additional  solid  state  storage  for  the  annotation  generated  by  the  planning  station. 
The  mission  planning  station  la  shown  In  three  configurations  ranging  from  a  baseline  capability  (which 
may  even  be  appropriate  for  an  individual  aircraft),  up  to  a  fully  capable  station  capable  of  inter¬ 
acting  with  oLher  digital  data  bases  and  even  generating  Its  own  optical  disk. 


Tha  critical  difference  In  this  proposed  mission  planning  statton  approach  la  the  digital  map  cap¬ 
ability  envisioned  for  future  aircraft.  In  order  to  put  tha  Impact  of  the  digital  map  capability  Into 
better  perspective,  e  brief  discussion  of  this  technology  la  warranted.  Por  all  versions  of  dlgttal  map 
a  navigation  computer  Interfaced  to  an  Inertial  navigation  unit  (INU)  Is  assumed.  No  specific  Imple¬ 
mentation  will  be  described,  but  Instead  a  generic  digital  map  will  be  described.  For  a  more  complete 
discussion  of  this  topic,  see  reference  (1). 

Navigation  for  pilots  has  been  In  a  state  of  slow  evolution  ever  since  the  Wright  Brothers  could  fly 
far  enough  to  got  lost.  Early  navigation  was  accomplished  by  pilot  recognition  of  landmarks,  and  has 
uvolved  to  the  flight  maps  used  by  pilots  throughout  the  world.  But  nsvlgstlng  with  maps  was  rapidly 
found  to  be  deficient  during  bad  weather,  at  night,  and  when  the  pilot  was  in  sufficiently  unfamiliar 
terrain.  Military  applications  demanded  solutions  to  these  deficiencies.  Radio  beacons  (e.g.,  TACAN) 
were  one  way  co  stretch  invisible  lines  through  space  to  augment  navigation.  But  tha  vulnerability  of 
these  links  hae  been  recognised  end  autonomous  navigation  tachnlques  were  soon  sought.  The  INU,  a  com¬ 
plex  set  of  gyros  and  accelerometers  was  developed  to  provide  positional  information.  Since  these 
systems  hayo  Inherent  (end  typically  random)  drifts,  they  require  Initialization,  alignment,  and  updates 
to  maintain  the  needed  accuracy.  It  was  recognized  from  the  navigation  designate  (update)  mode  that  a 
correlation  could  be  made  between  inertial  space  and  a  map  space.  So  the  projected  map  display  was 
born.  A  film  strip  of  DMA  maps  Is  produced  to  cover  the  expected  operating  cone  for  an  aircraft.  The 
Initialisation  of  the  INU  and  tha  film  strip  are  performed  simultaneously,  and  a  pilot  can  watch  his 
position  superimposed  on  a  photographically  produced  map  (see  Figure  1)  from  A-7  aircraft.  This  leaves 
tha  pilot's  hands  free  to  operate  hla  controls  with  no  further  need  to  juggle  flight  charts*  For 
missions  requiring  precise  weapon  delivery  time  and  location,  this  system  is  a  fantastic  Improvement* 
So  why  do  we  need  digital  maps?  Especially  since  current  cathode  ray  tube  (CRT)  displays  wll?.  never 
match  the  resolution  of  a  photographic  Image. 


FIGURE  1.  A-7  Projection  Map  Display 


12-2 


The  current  photographically  based  projected  map  displays  are  limited  to  standard  paper  map 
formats.  An  area  of  complication  can  occur  due  to  the  diversity  of  map  formats*  The  ground  forces 
typically  utlli.ee  a  map  called  Universal  Transverse  Mercator  (UTM) ,  while  aircraft  navigate  In  latitude 
and  longitude.  So  the  maps  are  not  the  same,  and  the  confusion  Is  difficult  to  resolve.  Conversions 
can  he  made  between  positions  on  both  types  of  maps,  but  csnnot  be  readily  displayed  on  photographic 
projections  of  asps.  So  what  la  needed  Is  sn  absolute  map  standard  which  can  be  readily  converted  into 
any  format.  The  Defense  Mapping  Agency  (DMA)  Is  Involved  in  the  development  of  this  data  base.  Using  a 
variety  of  Information  sources,  s  digital  representation  of  the  surface  of  the  earth  can  be  generated 
(Figure  2).  The  Olgltal  Land  Mass  System  (DLMS)  la  currently  available  In  two  general  classes: 

Digital  Terrain  Elevation  Data  (DTBD) 

Digital  Feature  Analysis  Dels  (DFAD) 


PIGURE  2. 


Each  class  Is  composed  of  many  subgroups  depending  on  the  level  of  complexity.  The  accuracy  goal 
for  these  data  sets  is  considerably  better  than  that  available  from  paper  maps.  So  digital  map 
technology  ultimately  will  involve  a  match  of  highly  accurate  digitised  position  information  to  low 
drift  Iner  .al  systems.  Intermediate  steps  may  Involve  digitt.-  ition  of  paper  maps  (Figure  3)  due  to 
Issues  of  availability  and  uniform? ty.  Of  course,  once  the  position  Information  Is  In  a  digitized 
format  it  can  be  ma  lpulated  and  this  Is  where  the  real  pay-off  occurs. 

In  particular,  tula  digitised  map  Information  can  no^  be  Integrated  with  reconnaissance,  and 
Intelligence  Information  to  provide  a  gieatly  improved  land  attack  mi -is ton  planning  capability.  A 
potential  method  for  accompli  hing  this  Integration  is  described  in  this  papar. 
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FIGURE  3. 


OBJECTIVE 

CLAMPS  is  an  approach  to  developing  a  modular  ground  support  station  for  aircraft  equipped  with 
digital  moving  map  displays*  An  attempt  is  made  to  match  the  capabilities  of  each  level  of  modular 
station  to  the  envisioned  requirements  for  that  level. 

The  mission  planning  station  Is  initially  configured  for  the  AV-8B  aircraft  with  growth  to  the 
F/A-18  and  V-22  (i.e.,  JVX). 


AV«B  UqOlKENDfTS 

The  Night  Attack  version  of  the  AV-8B  requires  the  following  digital  map  capability: 

Coverage  -  minimum  400  run  x  400  nm 
Scale  -  250,000  to  1 

selectable 

-  50,000  to  1 

Display  -  Multi-purpose  Color  Display  (MPCD) 

INU  Drift  -  1  nautical  »ile/hr. 

The  current  development  contract  for  this  hardware  was  awarded  to  Sperry,  and  is  scheduled  for 
delivery  and  installation  in  May  1^87.  Although  Sperry  initially  proposed  only  300  x  300  nm  (about  60 
sq.  ft.  of  j  ar  map),  they  have  been  instructed  to  consider  broader  coverage  (up  to  100  sq.  ft.  of 
map).  This  iystem  will  initially  be  based  on  digit  last  ion  of  paper  maps.  Even  though  Sperry  has 
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selected  an  extremely  dense  storage  media  (the  optical  dink  (Figure  4)),  they  will  atill  require  some 
data  compression.  Thera  are  a  number  of  method*  to  accomplleh  this  compression,  all  with  tome  inherent 
level  of  Information  degradation » 

OPTICAL  DISKS  PERMANENTLY  HOLD 
INFORMATION  PROTECTED  INSIDE 
THE  SURFACE  LAYERS 


WfUTIMO  CAUSES  A  NON-REV EASIBLE  PHYSICAL  CHANGE  TO  THE  MEDIA 


UMMATCO 


ILLUSTRATION  OF  12*  Ml: Dl A,  COURTESY  OF  3M. 

FIGURE  4. 


OOCBD  IDLES  FOR  CLAMPS 

The  mission  planning  station  described  here  is  a  prototype  for  all  attack  aircraft  utilising  a 
digital  map.  The  station  can  exist  in  varying  levels  of  sophistication  depending  on  the  functions 
required  and  the  hardware/software  limitations  available.  It  is  assumed  it  performs  the  same  function 
as  the  Computer  Aided  Mission  Planning  Station  (CAMPS)  which  has  been  prototyped  for  the  U.S.  Marine 
Corps.  Its  capabilities  will  be  divided  into  three  groups,  all  having  a  baseline  capability  which  is 
then  expanded  as  needed.  The  system  must  be  capable  of  using  a  variety  of  digital  Inputs  such  as: 

l*  Paper  Maps  (after  appropriate  digitization) 

2.  DMA  Data  (DLMS) 

DTED 

DFAD 

3.  Tactical  Electronic  Reconnaissance  Processing  Evaluation  System  (TERPES)  (Reconnaissance  Data) 

4.  All  Sources  Image  Processor  (ASIP)  (Intelligence  information) 

5.  LANDSAT 

The  details  of  some  of  these  data  bases  are  classified  and  will  not  be  described  here.  Suffice  It 
to  say  that  CLAMPS  will  require  special  software  to  utilise  these  data  bases* 

The  output  of  CLAMPS  will  be  optical  dlsku  and  other  solid  state  memory  sources,  which  can  be 
introduced  into  the  aircraft. 


T>ATA  BASE  DISCUSSIONS 

Paper  maps  are  the  most  readily  available  and  offer  the  broadest  coverage.  They  are  from  basically 
three  sources. 

1.  Defense  Mapping  Agency 

2.  U.S.  Geodetic  Survey  (USGS) 

3.  Native  Editions  (derived  from  International  sources) 

The  current  draft  product  specification  will  specify  the  format  for  DMA  to  digitize  paper  maps  (all 
sources)  and  record  them  onto  optical  discs »  The  amount  and  type  of  compression  required  Is  yst  to  be 
determined.  In  time  the  source  will  switch  from  paper  maps  to  the  Digital  Land  Mass  System  (DLMS)  pro¬ 
ducts  mentioned  earlier  (DTED/DFAD).  The  familiarity  of  DMA  with  all  of  theae  products  makes  them  the 
ideal  choice  for  accompllahlng  this  task.  DMA  currently  produces  the  photographic  maps  for  the 
projected  map  displays  (e.g.,  A-7). 


TT.RPES,  ASIP  and  LAHDSAT  to  a  certain  extant,  require  apaclal  processing  and  only  Halted  access  It 
available  or  expected. 


oqmpwtt»-aii*d  Missiaa  iuun«B  rana  (camts)  mcnoe 

The  CAMPS  functions  ere  considered  critical  to  any  advanced  lend  Attack  Mission  Planning  Station. 
In  particular,  CAMPS  currently  uaae  DMA  elevation  filee  (DTED)  to  generate  a  terrain  data  hate.  It  then 
Includes  aircraft  flight  parameters  and  threat  locutions  and  envelopes  to  generate  an  optima  flight 
profile  (position  aivl  altitude).  A  prototype  of  CAMPS  was  operated  In  the  Fleet  on  the  O.S.S. 
Saratoga.  A  block  dlagraa  of  the  hardware  la  shown  In  Figure  5  and  the  oqulpaent  layout  In  Figure  6. 
It  la  Intended  that  CLAMPS  can  Incorporate  these  functions  In  equlpaent  requiring  comparable,  If  not 
lass,  alas,  weight  and  complexity.  The  basic  Intonation  flow  la  shown  In  Figure  7,  which  In  general  la 
an  Iterative  process  requiring  considerable  operator  lnvolveaent. 


PIOJSE  5. 


FIGUIE  6 
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•PILOT'S  FLIGHT  PUW 
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FIGURE  7. 
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Am  indicated  earlier,  the  optical  disk  is  the  media  selected  to  store  the  asp  Information.  Cur¬ 
rently,  a  5  1/4  inch  compact  optical  disk  (else  of  current  compact  disks)  could  readily  store  260  mega¬ 
bytes  (per  side)  of  Information.  It  Is  likely  that  this  could  be  Increased  end  schemes  have  been  iden¬ 
tified  to  write  on  both  sides  of  an  optical  disk.  Currently,  the  aircraft  installation  would  Involve  a 
single  optical  disk  drive  with  one  or  two  readout  heads.  It  would  score  basic  map  Information  in  some 
compressed  format.  The  fastest  schemes  for  writing  optical  disks  of  the  needed  density  and  coverage 
would  require  one  half  hour  to  prepare.  So  it  is  envisioned  that  an  optical  disk  library  of  the  world 
would  be  created  to  support  mission  planning.  fa  mentioned  earlier,  this  would  Initially  Involve 
digitisation  of  paper  maps  with  their  attendant  shortcomings  (inaccuracies,  lack  of  feature  Information, 
etc.),  and  ultimately  be  expanded  to  the  DLMS  data  sets.  For  operational  use,  a  scheme  to  rapidly 
Introduce  annotation  onto  this  data  base  would  Involve  another  storage  media.  One  option  for  this  is  a 
memory  card  Data  Storage  Unit  (DSU)  under  development  for  the  F/A-18.  The  characteristics  of  this 
storage  unit  are  summarised  in  Table  1.  It  can  be  rapidly  written,  erased,  and  updated  but  has  only  a 
very  limited  data  storage  capability.  This  makes  it  a  good  match  to  the  denser  storage,  but  less 
flexible  optical  disk  media. 


f  TABLE  1.  Digital  Storage  Unit  (DSU). 


Current  Function 

Initialise  JTIDS;  store  flight  incidence 
Information 

Slse 

60  cubic  Inches 

Weight 

*  lba 

Storaga  Capability 

4  MBIT  expandable  to  32  MBIT 

Power  Consumption 

<  10  vattB 

nssion  PUKK  RATH*  lanmcTou 

As  mentioned  earlier,  the  eastern  Is  intended  to  be  nodular  allowing  a  variety  of  configurations 
based  on  require*,  capability.  .?r  simplicity  only  three  configurations  will  be  described  here;  a 
minimum  required  capability  system,  a  squadron  level  planning  system,  and  a  full  blown  conus  or  carrier- 
based  planning  system. 


1 :  li-  •,  i-r 
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Level  i 

Laval  1  la  shove  In  Fifties  8.  It  involvaa  a  capability  to  read  aa  optical  disk  (OD)  and  ths 
coatanta  of  ths  DSD.  Sinea  thaaa  two  atorafa  media  cannot  Interact  directly,  a  data  aynthaalaar  la 
naadad  to  call  up  annotation  at  tha  approprlata  portion  of  the  nap.  This  could  ba  Included  in  ths 
central  processor,  but  sloes  It  la  naadad  In  evwo  tha  aircraft  Installation,  mould  probably  ba  a 
stand-alona  microprocessor.  Tha  operator  mould  need  a  naans  of  Intaractlot  with  tha  D60  to  fanarata  and 
update  annotation  lnfomutlon.  Tha  operator  Input  options  would  involve  a  terminal,  hand  controllar,  or 
potentially  a  touch  panel  overlay.  The  touch  penal  mould  ba  superimposed  on  the  display  to  allow  rapid 
annotation.  Tha  central  processor  mould  ba  naadad  to  extract  tha  stored  Intonation  from  both  sources 
and  produce  the  digitised  nap  display.  Once  tha  Information  has  bean  generated  or  updated,  the 
processor  nust  ba  capable  of  writing  tha  DSD  and  potentially  even  produce  a  multi-color  paper  nap 
(Including  annotation)  for  aon-dlgltal  nap  equipped  aircraft  (or  even  aa  a  back-up  for  digital  nap 
ayatans).  Tha  processor  has  not  bean  identified  but  a  dank  top  unit  (personal  computer)  la  a  potential 
candidate  system. 


INPUT  OUTPUT 


•AHmOAMfiFACimi  1  UNITS 


FIGURE  8. 


Mission  planning  tine  f ranee  nay  drive  the  processing  requirement  to  larger ,  note  expansive  machines 
with  higher  throughput  a  The  prices  Indicated  are  based  on  off-the-shelf  hardware* 


Level  II 

Level  II  (Figure  9)  has  all  of  the  Level  I  modules,  as  well  as  the  following  additional  itama: 
Magnetic  Tape  Drive 
Map/Fhoto  Digitiser 
Micro- VAX  ( rugged ised) 

Vlth  the  additional  features  it  could  Interact  with  other  digital  data  bases;  TBRPBS 
(reconnalssanca),  ASIP  (Intelligence),  LAND8AT  (feature  source).  Proper  preparation  and  lot ar faces  of 
these  date  basas  could  support  high  speed  Insertion  of  threat,  target,  friendly  force  location  to  aid  la 
mission  planning#  This  level  would  still  not  be  capable  of  interacting  directly  with  the  optical  disk 

storage  media. 


12-9 


This  system  could  Interact  with  the  optical  Disk  Library  directly.  In  (act.  It  could  dree  on  the 
library  to  extract  only  the  a  act  Iona  needed  (or  a  nlealon  area  and  optlnlaa  their  etorate  (or  rapid 
dlaplay  and  annotation.  It  would  alao  allow  Incorporation  o(  Halted  feature  ln(or*atlon  to  the  optical 
disk  to  Improve  near  utility.  The  eyotan  could  then  generate  coplea  o(  the  dleka  to  be  distributed  to 
the  squadrons  for  their  utlllaatlon.  Coata  ahown  again  are  the  off-the-shelf  cowaerclal  hardware,  which 
may  not  he  applicable  for  military  uea. 


All  of  the  functioae  conalderad  critical  for  CLAMP8  are  lleted  In  Table  2,  along  with  the  hardware 
nodule  a  required.  It  cn  be  readily  ahown  that  aoea  hardware  aubaeta  ere  alwaya  required  for  uae 
together.  So  theee  are  coablned  Into  modulaa.  The  llat  of  nodulaa  la  aa  follona: 

kead/Dlaplay  Module 

Optical  Dlak  Writer 

Memory  Card  Writer 

Annotate  Module 

Mag  Tape  Drive 

Dlgltlaar 

cpo 

Proceaaor 

A  potential  uaer  could,  by  Identifying  the  functlona  he  naeda  to  perform  rapidly,  determine  the  aet 
of  modulaa  needed  to  aupport  thla.  So  mlaelon  planning  atatlona  could  be  readily  tailored  to  the  uaer 

oaeda. 


CLAMPS  la  a  propoaed  mlaelon  planning  capability  baa  ad  on  a  generic  digital  map  technology,  it  la 
Intended  to  support  a  number  of  attack  aircraft  and  uaer  requirements.  It  performs  all  of  the  existing 
CAMPS  functions  and  adds  additional  features.  Although  optical  dlak  and  solid  state  memory  are 
projected  for  thla  capability.  It  could  be  used  for  other  data  storage  madia.  An  evolving  system  bared 
initially  on  digitised  amps  is  described,  aa  wall  as  growth  potential  to  higher  accuracy  DLMS  data 
bases.  The  functions  are  tallorable  depending  on  the  nodules  selected.  Thla  la  Intended  aa  a  candidate 
architecture  currently  for  planning  purposes  only. 


1.  Shupe,  Dorman  I.,  O.S.  Army  Avionics  Saaeerch  and  Development  Activity.,  Fort  Monmouth,  NJ,  presented 
at  the  37th  Annual  Forum  of  the  America u  Helicopter  Society.  New  Orleans,  La,  "The  Night  Navigation  and 
Pilotage  System,"  May  1981,  Inference  number  81-18- 


•Vi 
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_ TABLE  2‘  C0HS0LI°*m>  LMtD  ATTACK  MIS8I0W  ?LA«HC  STATIC*  (CLAWS)  (Cootd.) 

t^d/Wpl.,  Nodul.  I  1  I  I  isnot(t.  —  j - T 


tead/Meplef  Module  III!  Annotate  Module 


TABLE  2.  CONSOLIDATED  LAND  ATTACK  MISSION  PLANNING  STATION  (CLAMPS)  (Contd.) 
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DISCUSSION 


H.A.T,  Tlaun,  Netherlands 

Which  finM  ar«  delivering  rugged lied  optical  diaca? 

Author* a  Reply 

Ruggedised  optical  disks  are  not  now  being  delivered.  U.S.A.F.  RADC  haa  a  program  to  develop  auch 
a  diac.  It  ia  called  Tha  Tactical  Optical  Disc  System.  The  program  manager  is  Albsrt  Jamberdino. 
McDonnell  Douglas  ut  St.  Louis  has  contracted  Sparry  to  build  auch  a  system  for  the  AV-8B,  Other 
companies  are  working  to  devalop  ruggedised  optical  disks  also. 

J.  tfhalley,  UK 

Are  you  able  to  say  anything  about  the  software  or  algorithms  that  are  uaed  in  this  system? 

Author's  Reply  • 

No.  This  study  indicsted  what  components  would  have  to  be  put  togather  to  obtain  dealred  function 
in  a  digital-map  support  system  (system  architecture  at  the  moat  superficial  level).  The  study 
was  not  taken  to  the  level  that  would  include  specific  algorithms. 
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AUTOMATION  STRATECT  AND  RESULTS  FOI  AN  AIRBASE  COMMAND 
AND  CONTROL  INFORMATION  SYSTEM  (ABCCIS) 
by 

R.P.  de  Moel 

National  Aerospace  Laboratory  MLR 
Ant.iony  Fokkerwsg  2,  1059  CM  Amsterdam 
Tha  Netherlands 

W.N.  van  Dranan 

Royal  Natharlanda  Air  Force  (RNLAF) 


1.  INTRODUCTION 

Automation  ia  c cm* Id • rad  tha  approprlrte  way  to  improve  tha  affactivity  of  preparation  and  deploy- 
•ant  of  vaapon  systems  in  tha  incraaaingly  complex  acana  of  battla.  This  automation  la  aiming  for  tha 
aupport  of  tha  activities,  because,  according  to  tha  opinion  of  tha  RNLAF*  human  Intallactual  capacity  la 
eaaantial  to  a'  balanced  commarcial  and  control  process.  Human  intalllganca  and  creativity  combined  with 
apaad  and  storage  capacity  of  tha  computer  may  improve  tha  quality  of  tha  praparation  and  tha  affactivity 
of  the  deployment  of  weapon  systems* 


2.  COMMAND  AND  CONTROL  IN  THE  RNLaF 

If  v*  talk  about  "command  and  control"  In  Royal  Natharlanda  Airforce  this  term  deeervea  some  expla¬ 
nation.  This  explanation  ia  related  to: 

-  objectives  of  the  RNLAF, 

-  mein  tasks, 

-  hltrarchical  structure* 

-  readiness  of  operational  units, 

-  airbase  services, 

-  command  end  control  procesa/C2  ay sterna. 

N. 

2.1  Objectivea  of  the  RNLAF 

The  miaslon  of  the  NATO,  in  which  organisation  the  Natharlanda  arm  participating  with  15  othar  coun¬ 
tries,  ia  to  maintain  the  atatua  of  peace  and  of  lntamational  safety,  and  to  stimulate  the  stability  and 
tha  waif are  in  the  North  Atlantic  area. 

Tha  contribution  of  tha  RNLAF  to  this  mission  la  spaclflad  by  tha  following  objectivism 

-  defending  the  air  specs  in  tha  araa  of  tha  NATO  countries  from  agression  (air  defence) ; 

-  obtaining  and  maintaining  the  air  superiority  In  tha  NATO  command  and  control  araa  (air  defence, 
offensive  counter  air  and  air  superiority); 

-  giving  tactical  support  to  the  NATO  land  forces  (close  air  support  and  interdiction); 

-  giving  tactical  support  to  the  NATO  naval  forces  in  the  allocated  part  of  the  North  See  and  of  the 
Ch/mnel  (tactical  air  support  of  maritime  operations  and  lntsrdlction) . 

2.2  Main  Tasks 

The  af forts  in  this  framework  form  the  main  part  of  the  tasks  of  tha  Royal  Netherlands  Air  Pores.  To 
obtain  a  correct  overview,  it  is  important  to  recognlxs  the  coherence  of  these  tasks  and  the  related 
activities.  A  breakdown  of  the  main  RNLAF  tasks  yields  the  following  overview: 

a  Air  Superiority.  The  following  mission  types  belong  to  the  efforts  aiming  at  air  superiority: 

-  Air  defence:  air  operations  executed  by  aircraft  and  guided  weapons  In  order  to  reduce  or  to  nullify 
the  effectlvlty  of  an  hostile  air  attack; 

-  Offensive  counter  air:  besides  defensive  contribution  also  offensive  operations  are  needed  in  order 
to  undermine  tha  hostile  offensive  power; 

-  Air  combat  missions:  offensive  missions  against  airborne  hostile  aircraft,  especially  close  to  the 
battle-field. 

b  Tactical  support  by  airforces*  In  the  support  of  land  and  naval  forces  two  types  of  operations  can  be 
distinguised: 

-  Close  air  support:  this  type  of  operations  is  directed  mainly  to  hostile  targets  in  the  battla  field 
araa  close  to  the  own  forces; 

-  Interdiction  operations:  concerning  the  lend  forces  these  interdiction  operations  have  tha  intention 
to  seal  off  the  battle  field  by  interrupting  the  connections  end  cowunlcatlona  of  the  hostile  land 
forces  with  their  logistic  and  operational  support  facilities;  concerning  tha  naval  forces  tha 
interdiction  operations  are  directed  to  hostile  surface  vessels  d  harbour  installations. 

£  Additional  aupport  opsrations:  both  the  obtaining  and  the  maintaining  air  superiority  and  tha  support 
of  land  and  naval  forces  will  be  combined  with  additional  air  operations.  These  operations  ere: 

-  Air  Reconnaissance:  reconnaissance  is  executed  by  means  of  visual  perception,  and  by  sensors  such  as 
photographic,  electronic,  radar,  television  and  infrared  equipment; 

-  Air  Transport:  air  transport  facilities  era  deployed  as  wail  for  transport  of  manpower  as  for 
logistics  support. 

2.3  Hierarchical  structure 

Also  in  paaca  time  the  commend  and  control  of  the  operational  units  of  tha  Royftl  Netherlands  Alt 
Force  ia  assigned  to  NATO-comnanders .  The  forces  in  Central  Europe  are  under  tha  command  of  AFC  ENT, 
situated  in  Bruns  sum.  Ths  Central  Region  is  divided  into  a  northern  and  a  southern  sector;  in  both 
sectors  an  Army  Group  and  an  Allied  Tactical  Air  Force  (ATAF)  are  operating.  Above  these  ATAF's  an 
umbrella  headquarter  la  functioning,  Allied  Air  Force  Central  Europe  (AAFCE)  situated  In  Remstaln 
(Fig.  1). 
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2.4  ludlaui  of  operational  units 

Bulfu  tho  International  centralisation  of  the  oporotloool  eaaul  tad  control,  another  ooooattal 
uftet  of  tho  tlt’Mtcii  to  tbo  high  degree  of  readlaaoa.  Thlo  important  copobilitjr  of  quick  ruction 
(looo  a  major  mcrlbutlon  to  the  ftmtln  took  of  14X0.  Several  alaaaata  can  roaet  within  3-30  alnutoa 
end  all  operational  oalta  hava  to  bo  fully  oporatloaal  within  a  predefined  tin*  Halt.  Thoao  roqulroaooto 
ara  valid  aawaa  day*  a  wook  and  an  evaluated  several  tlao*  a  yoar  via  uaanr'  uncod  axarclaaa.  Tho  high 
daprot  of  nadlaoaa  requires  a  quickly  roactlnf  process  of  command  and  control  ("l-proc***)  at  -amongst 
othoro-  tho  alrbaaoa  of  tho  MUf. 

2.. 3  Alrbaao  services 

Tho  Ulrica*  directly  lnwolnd  la  tho  proparatlon  aad  doployaont  of  weapon  oyatoaa  on  tho  alrbaao 

am 

*  alrbau  coaaoad  poet;  thlo  1*  tho  cantor  when  all  ordora,  froa  tho  noxt  higher  coaaaad  laval  or  aalf- 
ganoratod,  an  coordinated  and  whan  tho  onocutlon  of  tho  ordar*  1*  monitored; 

*  oua  or  non  aircraft  squadrons;  than  tha  kay  panonnal  rolatad  to  pnparation  aad  deployment  1* 
available |  a* in  dutlaa  ara  tha  tactical  pnparation  of  th<  ordorod  nlaalona  and  tha  real  execution  of 
thou  missions; 

*  logistics  control  put;  rhla  put  la  rooponalhla  for  tha  alnraft  pnparation,  aa  the  ptovlalon  of  fuel 
and  wupooa; 

*  air  traffic  control;  the  local  air  traffic  coatrol  aarvlc*  1*  in  charge  of  tha  air  traffic  clear  to  tha 
alrbau  and  1*  reapooaible  for  tha  taka-off  aad  landing  aaquanca; 

*  ground  dafanca  eamaand  poet;  tha  uln  taak  la  maintaining  tha  rudlnaaa  atata  of  tha  alrbaao  In  ouch  a 
way  that  tha  ordara  can  ba  executed; 

*  coaaamlcetion  aarvlc*;  thla  aarvlc*  la  In  charge  of  tha  couunlcatlon  alda  and  of  the  uaa  of  than* 
aida. 

Tha  coamend  and  control  llnea  will  ba  diacuaoad  In  tha  next  paragraph. 

2.6  Coaawnd  end  control  procaae  (C2) 

The  baaic  atructur*  of  tb*  command  mod  control  procaae  contain*  four  elements: 

-  a  couandar  glvaa  ordara  from  hla  headquarter; 

-  lour  laval  headquarter*  (ataffa)  proceed  tha  ordara; 

-  a  combat  unit  la  taakad  to  axacuta  tha  ordar; 

-  tha  naulto  of  tha  execution  an  raportad  to  tha  commander  via  tha  same  viy. 

Baceuaa  ordar*  nay  bn  aaqumtlel  and  bacauae  tha  command  and  control  procea*  oft  haa  time -critical 
charactarlotlco,  tho  procooa  haa  actually  a  cyclic  structure  (Pig.  2). 

Nowadays  tha  folloartng  definition  of  a  C2-aystam  la  In  uaa:  "An  lntagratad  system  consisting  of 
doc-rina,  procaduroo,  organisation  atructuro,  poroonnol.  equipment.  Infrastructural  facllltlaa  and  commu¬ 
nication  tools,  that  suppllaa  timely  and  cornet  lnforutlon  to  tha  commanders  of  all  lavols  In  ordar  to 
glva  tham  tha  opportunity  to  praparu,  to  Mnago  and  to  control  tholr  activities". 

Tho  bulc  font  of  a  C2-syscaa  is  roprooontod  la  Pig.  3.  Tho  major  part  of  tho  above  daflnod  C2-olo- 

aouts  Is  avallablo  In  tha  flgura;  tha  sloMoto  doctrine  and  procaduras  ora  lnvlolblo.  It  should  bo 

remarked  that  the  weaponayatea  la  not  a  part  of  tha  C2-sy*tu.  Tha  aim  of  C2-syat*m*  can  ba  auamarlied 
vary  cooduly;  to  anable  tha  euthorltiaa  at  all  levale  to  manage  tha  battle  by  supplying  up-to-data, 
ucura,  trustworthy  Information. 

Tha  raqulramanta  for  a  C2-  syatam  should  ba  natch  to  the  expected  operational  conditions.  In  the  case 
of  an  alrbaaa  thraa  types  of  circumstance*  ara  foreseen:  peace  time ,  times  of  tsnelon  and  war  tlu. 
Generally  these  requirement*  ara: 

-  peace  time  support  of  the  sir  lettuce  warning  eyatu  by  processing  end  analysing  the  sensor 

signals;  monitoring  of  the  intelligence  situation  and  the  status  of  tha  own  resour¬ 
ces;  support  of  preparation  end  execution  of  sxurclsaa; 

-  times  of  tension:  tho  peace  time  raqulramanta  art  valid;  moreover  a  quick  Information  transfer  to  tho 

higher  commander  is  emphasised;  the  laval  of  detail  and  tho  also  of  tha  ract 

rupply  of  Information  at  all  lavols  1*  Important; 

-  war  time  tho  raqulramanta  for  poaca  tlma  end  time*  of  tension  ara  valid  with  the  bet 

axarclsa  changes  to  reality;  sufficient  robustness  la  required  to  survive  a.  • 
action*  and  sufficient  flexibility  to  oosurs  continuity  of  comaad. 

Tho  command  and  control  process  it  amongst  others  affected  by  developments  in  tha  following  areas: 

-  spaed  of  Information  transfer;  although  computar-bsaad  information  systems  are  deployed,  the  speed  of 
Information  handling  Is  mostly  determined  by  human  activities  and  therefore  -  In  ccaaperlaon  with  other 
bactl*  flald  development*  -  hardly  Improved  (Fig.  4); 

-  armament;  tha  rang*  of  armament  is  Increased,  the  affactivity  and  tha  killing  power  are  enlarged; 

-  electronic  warfare;  hostile  electronic  warfare  troops  and  aircraft  will  try  to  disturb  electronic 
communication  end  weapon  syatam* ; 

-  decision  charactarlotlco;  a  modern  war  1*  characterised  by  on  abundance  of  Information  and  dle-lnforme- 
tlon;  processing  haa  to  be  tuned  to  tha  differences  in  priority  and  tho  time  restriction!. 

Tha  most  Important  bottleneck*  with  raspact  to  tho  information  flow  In  command  and  control  Informa¬ 
tion  systems  arai 

-  tha  poor  interoperability  within  X4T0; 

-  the  low  rata  of  automation  In  CCI8; 

-  the  difficulties  with  tha  oxchonga  of  largo  quant it la a  of  information  botwoon  counters; 
tha  limited  affactivity  of  occur It y  measure*. 


3.  AUTOMATIC*  OF  laFOWAIICW  SOFFIT 

Tha  solutions  of  tho  above  mentioned  bottlenecks  at*  not  yet  folly  avallab]  u  It  la  dear  that  tha 
upgradlag  of  tha  dag roe  of  autcoMtiom  1*  necessary,  possibly  Inescapable.  But  It  la  slao  nacaaaary  to 
maka  on  Inventory  of  advantages  aad  disadvantages  of  automation.  For  thlo  purpose  a  scheme  will  ba  sard 
of  tha  performance  characteristic*  of  information  supply  (Fig.  3).  Although  thlo  schema  is  drafted  by  tha 


Dutch  Rational  A* roe pecs  Laboratory  tuaaly  for  development  of  computer  baaed  Information  system,  It  lo 
alto  oolto4  for  tha  comparison  bo too on  annual  and  conputer-haead  Information  system*. 

In  tha  "lehimo  of  air  taaka  precaaaing"  (tig.  4)  a  high- lortl  ovorolau  la  presented  of  tha  actlvl- 
tlno  rolatad  to  tha  preparation*  ead  deployment  of  wipw  systems  at  alrhaaa  laanl  aa  a  cooaaquanc s  of  an 
air  tank  from  tha  nazt  higher  command  -aval.  Tha  "mission  preparation  flow  chart"  (Fig.  7)  preaanta  tha 
air  teak  message  flow  through  tha  organisational  atructura  of  tha  nlrbare. 

Tha  Information  aupply  can  be  aobiivldad  Into  flat  alonmtai  acqalalt loo  (callactlon) ,  storage, 
handling,  dlrtrlhntlon  and  preaeatatlea  of  lnfarmatlon.  With  tha  help  of  thean  flan  element*  the 
ull'fcrancaa  between  manual  aa  automated  Information  aupply  can  ha  explain  ad  la  nor*  detail. 

-  data  acquisition  ;  information  from  alteuhara,  local  eenaer  data  and  local  Information  collected 

manually.  In  tha  manual  mad*  tha  aaaaor  data  la  tranafarrad  only  to  the  primary 
workplace.  In  tha  automated  node  the  data  la  auallabla  to  anyone  Interacted  and 
authorlaad.  Information  from  alaawhera  arrive*  la  hooka.  Hate  and  by  talapbonacall 
In  the  manual  mode;  If  ccmpatara  arc  applied,  computer  connection*  arn  naad  for  data 
collection) 

-  data  handling  5  la  tha  aanual  mod*  data  handling  la  provided  by  people.  In  the  automated  mod*  by 

computers; 

-  Uai.  distribution;  In  aanual  lnformctlon  supply  data  la  distributed  by  couriers,  talax,  telephone,  in 

tb*  automated  situation  by  computer  cnnnactlons; 

-  data  atorag*  ;  lo  tha  aanual  mod*  tha  storage  madia  ar*  wall  totaa,  books,  llata  and  maps.  In  tha 

automated  mods  computer  memory  la  applied. 

-  data  presentation;  In  tha  manual  mod*  tha  sans  media  are  applied  aa  for  storage,  In  the  automated  mod* 

displays  aud  printer  are  used. 

Tha  ovarv< w  of  the  above  mentioned  differences  between  aanual  and  automated  Information  supply  la  given 
In  Fig.  8. 

3.1  Comparison  of  manual  and  automated  Information  aupply 

Tha  main  performance  characteristic  (Fig.  S)  of  Information  supply  la  the  trustworthiness:  tha  rat* 
in  which  a  uaar  can  trust  tha  Information  system  for  his  information  aupply.  This  main  characteristic  Is 
subdivided  Into  flva  groups  with  the  headings  availability,  continuity.  Integrity,  accessibility  and  time¬ 
lines*.  Iha  definitions  of  these  headings  ara: 

-  availability:  tha  rata  In  which  tha  Information  supply  Is  proof  against:  non-lntontlonal  disturbances 
originating  within  tha  Information  system; 

-  continuity;  the  rate  In  which  tha  Information  supply  la  proof  against  all  Interference  or  changes  ori¬ 
ginating  outside  tha  information  system,  and  against  Intentional  Intarfarsnca  originating  within  tha 
Information  system; 

-  Integrity:  tha  rata  In  which  tha  Information  corresponds  with  the  reality  that  has  to  be  represented; 

-  accessibility:  the  rats  In  which  the  information  can  bs  easily  accessed  within  th*  restrictions  of 
authorisation; 

-  timeliness:  tha  rata  In  which  ths  tie*  requirements  tra  met  (In  raladon  to  Information  aupply). 

During  this  presentation  It  1*  Impossible  and  naadlsaa  to  consider  *11  characteristic*  mentioned  In 
th*  schema  of  Fig.  3.  got  all  characteristics  ar*  squally  relevant  for  the  comparison.  Ths  complete  list 
of  definitions  1*  given  In  Appendix  A.  During  this  presentation  tha  feasibility  of  tbs  raqulrsmsnts 
related  to  robustnass,  resilience,  procsctabillty,  up-tc- detsnss* ,  consistency  and  rssponsstlm*  will  b* 
discussed.  As  far  as  exact  figures  are  given  In  ths  description  of  ths  requirements,  these  figures  are 
not  yet  validated.  It  1*  assumed  that  the  figures  approximate  tha  real  figures  sufficiently  for  a  realis¬ 
tic  argumentation. 

kobustnaas  Is  defined  aa  ths  rate  in  which  tha  information  system  hardware  la  proof  against  all  ex¬ 
pected  operational  environmental  conditions  (shocks,  vibrations,  humidity,  temperature,  radiation  ate.). 
Tha  requirements  related  to  robustness  rang*  from  maximal  one  disturbance  of  maximum  8  hours  uninter¬ 
rupted  within  an  operational  period  of  400  houra  In  peace  elm*  up  te  th*  war  time  requirement  of  maximal 
one  disturbance  of  maximum  3  minute*  uninterrupted  within  an  operational  period  of  16  houra.  Of  course 
tha  manual  system  in  less  vulnerable  than  tha  automated  system  with  hi*  electronic  parte.  Especially  th* 
war  time  requirement  with  respect  to  the  3  minute*  maximum  dawn  time  la  stringent.  But  also  la  tha  com¬ 
puter  environment  this  requirement  can  be  net,  although  the  previsions  ere  estimated  to  be  expansive. 

laalllaac*  Is  defined  a*  tb*  rat*  in  which  tha  Information  supply  can  be  continued  after  non- Inten¬ 
tional  disturbance*  originating  within  the  Information  system.  The  requirements  range  from  manual  back-up 
with  a  reduced  number  of  air  taaka  par  time  period  lo  peace  time  up  to  war  tin*  requirement*  ter  auto¬ 
mated  back-up  without  Intermission.  Also  tha  wsr  tin*  requirement*  with  raspact  to  tha  electronic  systems 
can  ba  realised. 

Fretsctdblllty  la  defined  as  ths  rata  la  which  tha  Information  syjtam  1*  proof  tyalnat  all  Inten¬ 
tional  Intarfarsnca  and  against  non- Intentional  disturbances  originating  outside  tb*  Information  system. 
The  paact  time  requirement#  concern  neaeurae  against  fir*  and  lightning,  tb*  war  tins  requirements  also 
concern  Matures  against  shocks  (caused  by  bombs),  vibration  and  electromagnetic  pulses.  Tha  problem* 
related  to  shocks  and  vibration  can  ba  solved,  ths  alactromstnatlo  problem  la  under  Investigation. 

/ 

Up-to-dateness  la  daflaad  aa  tha  rata  In  ablch  tb*  Information  corresponds  with  tha  recant  actua¬ 
lity.  Th*  acceptable  time-lag  depends  on  ths  type  of  Information  and  on  tha  circumstances,  g.g.  with 
regard  te  Mtaorolog leal  Information:  In  paac*  elm*  a  time-lag  of  3  hour*  la  accspeahla.  In  mar  time  a 
lag  of  half  an  hour  la  permitted.  It  appear*  that  those  requirements  can  be  mat  only  by  autoswitsd 

system*. 

Consistency  la  daflaad  aa  th*  rate  In  which  coherent  parts  of  Information  corresponds  with  each 
other.  Ths  requirement*  range  from  1  error  par  10.000  data  alamanta  in  paac*  tins  up  to  1  error  par 
10.000  data  elements  In  war  time.  With  computer  support  these  requirement*  can  b*  mat. 

taspounatlme  Is  daflaad  as  th*  time  between  an  Inquiry  and  a  response  tn  it  at  a  terminal  (deter¬ 
mined  by  tha  queulng-tlae  and  th*  speed  with  which  tbs  inquiry  la  executed).  Th*  requirement*  related  to 
rasponsatlm*  for  Inquiries  1*  20-30  seconds,  rslatod  to  rssponaatlmo  for  modification*  th*  marln  is 
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3  alMtctt  am  tifilnmla  «n  wlU  la  peace  tine  Ml  la  Mr  tine.  The  fallibility  of  thaaa  reqalre-- 
wm  with  rttyKt  «•  tho  Maul  lafataatloa  nyyly  lap— 4*  on  tha  storage  nadluni  la  tha  eaaa  of  wall 
tot  a*  tha  .sag enaatlna  la  a'aoat  aero,  la  tha  eaaa  of  hooka  tha  reepenee  tlaaa  ara  aot  faaalbla.  With 
raspact  to  ntaaatil  laforaatloa  aayyly  tha  raapoaaatlaa  ragalraaaata  eaa  ha  aot. 

3.1  Ceaclaaloaa 

Althongk  tha  eenparleon  hotwaaa  aaanti  tad  animated  laforaatloa  supply  la  done  only  for  sons  proal- 
saat  yarforaaara  charactorlatlca,  the  eoaelaaloa  aay  he  dram  tt  it  advantages  oad  disadvantage  of  aaaual 
aad  automated  laforaatloa  ayafaaa  arias  fraa  dlffaraat  parforaaaea  eharactarlatlca.  The  major  dlssdven- 
tage  of  aaaaal  laforaatlou  oyataaa  la  tha  low  Integrity  of  laforaatlooi  tha  aajor  disadvantage  of  ctaa- 
pwtar  based  lafataatlou  oyataaa  la  tha  vulnerability  of  tha  electronic! . 

Tha  true  (worth laaaa  of  laforaatloa  supply  requires  aa  wall  safflelaat  availability  and  continuity  aa 
wall  aa  aatlalylag  laforaatloa  latagrlty.  lecawee  tha  Integrity  of  Intonation  la  aaaual  laforaatloa 
ayotoaa  cannot  ho  further  lap  roved  tha  attention  should  bo  paid  to  the  decrease  of  the  vulnerability  of 
eoapotsr  based  laforaatloa  syttaaa.  oapac tally  to  aoasuraa  agalnat  elect maagnotlc  lntarfaranca. 


4.  Alt  BASE  OOMUND  AMD  COWTtOL  DIP0*M4TI0P  STSTW  (ABCCIS) 

A1CCI8  la  the  result  of  aa  lncrsaantal  dovalopaaat  by  tha  loyal  Fatherlands  Air  Force  and  tha 
Motional  Aerospace  Laboratory  ML*.  Tha  SALAT  contribution  lo  baaed  upon  Its  know-how  of  tha  actual  ground 
operations  end  sir  operations.  Tha  IL>  contribution  is  s  logical  extension  of  Its  knowlsdgs  on  ths  stil¬ 
ts  ry  orgsnlastlon.  sod  of  Its  ezpsrlencs  with  aircraft  selection.  of arstlonsl  avalustlon,  lntsgratsd 
coabat  training,  sod  autowatloc. 

Tschnlcal  features  of  ABCCI8  ara: 

-  Data  structure 

*  satisfies  survivability,  reliability,  and  aacurlty  raqtiiraaonca 
*'  la  in  balance  with  high  update  rates. 

-  rroceselng  sodas 

*  transactions:  alngla  updates,  single  ioforsatioo  requests  ara  procaaasd  lnaadlataly 

*  batch:  Irene  ara  collactsd  In  groupa  before  they  ara  procaaasd 

*  Interactive:  la  capable  of  nan/nachinc  Interactions  during  engineering  sessions. 

-  Presentation  capabilities 

*  alpha-nuaarleal.  graphic,  and  1  aaga-p r oca c slog  display  unite 

*  alpha-uuaarlcal  and  graphics  printer 

*  colour  and  overlay  facilities. 

-  Inforsacloo  arrangaaant 

*  Is  adapted  to  tha  specific  requirements  of  each  user 

*  offers  predefined  screen  la;  outs  and  la  easily  adaptable 

*  la  driven  by  control  tables. 

-  Cosaunlcatlou 

*  la  United  to  point-to-point  connections 

*  offers  ralloblllty-baaad  re-routing  possibilities 

*  la  tuned  to  tha  existing  ccoanulcatlon  network. 

AgCCiS  coaprlsaa  tha  following  four  aala  subsystems  (Fig.  9  and  10): 

-  Operations  Management  Intonation  Syataa  (Q3HS)  ; 

-  Computer-Aided  Mission  Preparation  Syataa  at  Alrbaaa  Laval  (CAMTAL); 

-  Intelligence  Infornatlon  Syataa  at  Alrbaaa  Laval  (DUAL) ; 

-  Meteorological  Infornatlon  Syataa  at  Alrbaaa  L.*vel  (NRAL) . 

A.t  Operations  Hanagaaant  Infornatlon  Syataa  (OMIS) 

OIOS  supports  tha  processing  of  all  order  aad  aaaaagas  related  to  the  allocation  of  raaourcaa  fox 
air  operations  and  ground  opart t lone .  Therefore,  all  relevant  statue  data  ar-  collected:  Infornatlon  on 
pilots,  critical  personnel  and  equipment.  war  conaunablas,  alrbaaa,  aad  alarw.  These  data  oro  stored  In 
the  database  and  can  easily  ba  retrieved  by  tba  user.  The  central  eleaont  ot  OMIS  la  constituted  by  tha 
data  na  oaf  enact  facilities;  tba  specific  near  alanantu  are  dedicated  to  Air  Task  Processing  at  Alrbaaa 
Laval  (ATFAL)  aad  ground  Operations  at  Alrbaaa  Laval  (SgOPAL). 

OMIS  la  operational  at  two  of  tba  AALAF  alrbvaaa  (oae  Tig.  11). 

OMIS  to  equipped  with  (woo  Fig.  12) : 

-  Off-line  Support  Fackafsi  for  structuring  the  totaa  and  tha  database  and  for  avalwtlag  tbs  OMIS  use 
and  parfomance. 

*  Tha  Infornatlon  Arrengenant  and  Definition  Package  enables  to  aalact  Infornatlon  to  ba  praaantad  In 
a  rigid  my  (In  view  of  aacurlty  requlreweats) .  It  supplies  tba  tec la  for  determining  database  cross 
a act lone  and  for  arranging  various  screen  layouts. 

*  'The  Data  Adalnletratloo  Package  enables  to  maintain  tba  database  aad  thi  data  dictionary.  It 

ouppllea  the  tools  for  determining  tha  structure  of  the  database  and  the  data  dictionary,  and  for 

uslatalolag  tba  database  contents  In  case  of  approved  changes  In  the  database  structure  or  dots 
dictionary. 

*  The  Evaluation  Package  enables  to  surva>  tha  use  aad  perforaance  of  OMIS  dally.  It  prert-ots  the  user 

errors,  tha  frequency  of  requaeta  for  and  updates  of  lafomatloc  par  user,  tha  naan  and  aaxlaua  salt 

and  procaaalag  tlaaa  par  cocnuad,  and  tba  total  number  of  Infornatlon  requests,  updates,  and  other 
enna anils .  Consequently ,  It  1*  also  a  highly  affective  aacurlty  tool. 

-  Data  Management  Pscllltias  for  offlclart  execution  of  tba  various  management  tasks  rolatsd  to  the  uao 
sod  control  of  stored  Information. 


-  DMr  Interface  Package,  which  Mkti  possible  an  adequate  connection  with  the  various  application  proce¬ 
dures  . 

-  Application  Procedures,  such  se  ATPAL  for  air  teak  processing  and  GtOPAL  for  ground  operations, 

ATPAL  supports  the  processing  of  all  orders  end  wi stages  related  to  the  ellocatlon  of  resources  for  air 
oparatlone.  It  provldat  the  Mans  for  monitoring  the  progress  of  the  processing  of  air  tasks,  it  ensures 
that  the  standard  procedures  are  observed,  and  It  reports  the  result  of  the  oparatlone. 

CtOPAL  supports  the  ground  oparatlone  by  waking  available  In forest loo  concerning  the  alert  status,  tbs 
ground  resources,  the  runway  status,  the  KBC  status,  the  local  weather,  etc. 

4.2  Computer-Aided  Mission  Preparation  at  Airbase  Level  (CAMPAL) 

CAMPAZ  •  pporte  the  preparation  of  air-to-ground  ni  ns  Ions.  It  lap  roves  the  preparation  process 
through  the  easy  availability  of  the  eost  recent  information  on  Intelligence  scenario,  operational  condi¬ 
tions,  and  aircraft  and  avionics  status.  The  pilot  consults  the  relevant  data  sources  interactively.  On  a 
reatar-acan  colour  nonltor,  the  nap  data  are  displayed  together  with  route  information.  CAMPAL  consists 
of  two  main  functional  parte i  fer  irrigation  and  for  threat  evaluation. 

CAMPAL  la  operational  at  one  of  the  KMLAP  alrbaaaa  In  a  prototype  version,  and  can  be  deployed  for  both 
war-  and  peace-time  ml as ion  preparation. 

This  computer-based  Information  ay a ten: 

-  speeds  up  the  preperatioo  by  automation  of  standard  procedures; 

-  li^  roves  the  preparation  through  the  easy  availability  of  the  noet  recent  information,  baaed  on  the 
specific  weapon-aysten  character! at lea  and  the  aver  changing  circumstances; 

-  facilitates  the  preparation  because  the  pilot  can  Interactively  consult  (no  computer  knowledge 
required)  various  ralsvsnt  dsts  sources  (Intali,  stsndlng  procedures,  nateo,  geographic)  before  taking 
hie  dec la Ions; 

-  a t rang t bens  the  preperetlon  by  automatically  assessing  the  threat  figures  using  the  complex,  quickly 
changing  intelligence  scenario  In  full  detail; 

-  la  validated  In  F-I6  operations  In  the  European  scene. 

The  process  le  controlled  via  t'ua  alpha-numerical  display  of  the  Interactive  workstation.  For  the 
actual  route  da termination,  the  workstation  includes  a  tracker  hall.  The  digit laar  serves  aa  an  addi¬ 
tional  input  means.  On  a  raatar-acan  colour  monitor,  the  nap  Information  and  related  data  are  displayed. 
These  data  can  ha  printed  via  the  colour  hexdcopy  unit.  The  graphic  printer  shows  ell  planning  reeulta 
other  than  the  navigation  naps,  such  as  the  navigation-system  (INS)  data,  tho  weapon-ay  stem  (SMS)  data, 
the  alpha-nuMrlcal  navigation  Information  for  the  Combat  Mission  Folder,  and  general  mission  data. 

The  Interactive  workstation  Is  supported  by  a  VAX  11/780  mlnl-ccnputer.  This  computer  can  serve  at  least 
three  such  workstations.  Saw  for  the  currant  operational  hardware  configuration  Fig.  13. 


4.3  Intelligence  Information  System  et  Airbase  Level  (INTAL) 

IVTAL  supports  the  collection  end  processing  of  the  intelligence  data,  such  as  order-of-battle  In¬ 
formation,  target  information,  threat  (‘.ate,  and  the  Ilka.  It  aaalsta  the  expert  in  obtaining  an  inte¬ 
grated  view  on  the  various  aapecta  of  a  war  situation,  including  the  threat  on  rout#  and  In  the  target 
area.  For  presentation  purposes,  both  aloha-numerical  and  graphic  display  facilities  are  available. 

An  I1VTAL  pilot  system  Is  currently  Installed  in  an  operational  envlroiment  (aaa  Fig.  14). 


4.4  Meteorological  Information  System  at  Airbase  Level  (METAL) 

METAL  supports  the  collection  and  processing  of  the  meteorological  date,  obtained  from  various 
sources.  It  aeelets  the  expert  In  obtaining  an  integrated  view  on  the  weather  situation  in  the  area  of 
the  oparatlone.  It  adapts  tht.se  decs  for  easy  and  efflcisnt  usage  during  the  mission  preparation  and  it 
offers  local  vaathar  Information. 

At  tha  moment ,  the  CAMPAL  raster-scan  colour  nonltor  le  used  for  presentation  of  the  weather  information 
during  the  pilot's  mission  preperetlon. 


3.  CONCLUDING  REMA1ES 

The  experiments  with  the  ABCCIS  subsystems  In  the  operational  environment  have  proved  that  the  use 
of  automation  tools  with  respect  to  Information  supply  improves  the  integrity  of  the  Information  and 
facilitates  the  mission  preparation. 

The  bottlenecks  with  respect  to  tha  vulnerability  characteristics  of  computers  must  be  eliminated  to 
improve  tha  resistance  of  electronic  Information  system  against  war  violence.  s'  ~~ 

Up  to  now  the  automation  concerning  ABCCIS  le  directed  to  Information  supply  mostly /{Pig,  U).  The 
state-of-the-art  of  automation  offers  more  possibilities  to  Improve  the  Information  handling  rate.  The 
>st  important  possibilities  are: 
jV  extension  of  the  decision  and  Information  handling  support; 
condensation  and  upgrading  of  information; 
knowledge  anginas ring. 
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inanii  * 

Definition*  of  Performance  Characteristics  of  Inforaetloa  Supply 


fccmlHUw 

Tbo  rntn  In  which  tho  Infonntlon  onn  bn  null;  acceseed  vlthln  thn  llaltn  of  authorisation. 

Adnntnbl  lltv 

Thn  rntn  In  nhlch  changes  In  tbn  reality  to  bn  rapraaaatad  cnn  bn  anally  lncorporntnd  Into  thn  laforma- 
tleo  a yet  am. 

AudltnbllitT 

Thn  rntn  in  which  lap  roper  -  sometimes  fraudulent  -  nod  If  lent  1  one  of  tbn  infonntlon  cnn  bn  detected  and 
remedied. 

leal lability 

Thn  rata  In  which  the  information  aupply  la  proof  agalnat  non- intentional  dlaturbancnn  originating  within 
thn  Information  ayatam. 

Counlcatlvltr 

Thn  rat*  in  which  thn  information  ayatam  can  exchange  information  with  otbnr  ayatnma. 

Con* latency 

Thn  rate  In  nhlch  th*  coherent  part*  of  Information  corraapond  with  each  othar. 

Continuity 

Thn  rat*  in  which  th*  information  aupply  in  proof  agalnat  all  Interference  or  changna  originating  outald* 
th*  information  ayatam,  and  agalnat  lntantlonal  lntnrfarnnca  originating  within  th*  Information  ayatam. 

Corrnctnna*  (Implementation) 

Th*  rat*  In  which  thn  Implementation  aatlafla*  th*  uaer  requirement*. 

Correctnea*  (Information) 

The  rata  In  which  the  Information  la  without  error*. 

Frequency 

Th*  number  r *  tin* a  a  specific  process  has  to  be  repeated  within  a  pra-deflnnd  time  range. 
Imperturbability 

The  rata  In  which  disturbances  In  th*  information  aupply  can  be  prevented  after  interference  ctuiaed  by 
mod If lea t Ions /changes  In  the  Information  ayatam. 

Intearlty 

The  rat*  In  which  the  Information  correspond*  with  the  reality  that  haa  to  be  represented. 

Operability 

Th*  rat*  In  which  Instructions  can  bn  easily  given  to  the  ayatam  (In  number  and  type  of  actions). 
Frotectablllty 

Th*  rat*  In  which  the  Information  ayatam  Is  proof  agalnat  all  Intentional  interference  and  agalnat  non- 
lntantlonal  disturbance*  originating  outside  the  information  system. 

Quality 

Th*  rat*  In  which  the  whole  of  characteristics  of  -  product,  process  or  service  satisfies  th*  r*)ulre- 
uanta,  derived  from  th*  objectives  for  usage. 

head In*** 

Th*  rate  between  th*  speed  with  which  th*  Information  ayatam  presents  Information  after  th*  moment  th* 
information  la  defined  In  eaa*  of  shared  usage  of  resources  and  tits  spaed  in  caaa  of  non-aharsd 
resources. 

gecoverebtllt/ 

Th*  rat*  la  which  th*  Information  wupply  can  be  restarted  after  repair, 
helleblllcy 

Th*  probability  that  an  Information  system  can  execute  th*  required  functions  under  pr* -defined  circum¬ 
stances  In  a  specific  time  rang*. 

hepelrabilltr 

Th*  rat*  In  which  malfunctions  In  the  Implementation  end  In  tbo  carrier-hardware  cam  be  eaally  detected 
and  remedied. 

laell lance 

The  rat*  In  which  th*  Information  supply  can  bn  continued  r  sr  non- intentional  disturbances  originating 
within  tbn  Information  nyetem. 

Knenonnetlm* 

The  time  between  an  Inquiry  and  *  response  to  It  at  a  terminal  (determined  by  tb*  quelng-tlme  and  the 
speed  with  which  the  Inquiry  in  executed) . 

Imbue tneee 

Th*  rat*  In  falch  thn  Information  eyatea  hardware  la  proof  against  all  axpactad  operational  environmental 
conditions  (shocks,  vibrations,  Lumldy,  temperature,  radiation,  etc.). 
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bCroOnabllltT 

The  rat*  Id  which  unauthorised  Inspection  of  Information  coo  bo  prmatd. 

Security 

The  rate  In  which  tho  Information  supply  lo  proof  against  (non-) Intentional  occooa.  lnopoctloii,  usage, 
eodif 1 cat loo ,  destruction,  and  disclosure. 

Snood 

no  Flab  rocs  Is  which  o  pro -da  flood  process  Is  executed. 

SunrlombllltT 

fSa  rata  lo  thick  cho  lnfonsstloe  supply  con  bo  'eootlnuod  afeor  interferenc-  exceeding  tha  defined  pro- 
toctablllty. 

Timeliness 

fha  rate  in  which  tho  tlao  roqul ronsn t s  are  not  (In  relation  to  Info motion  supply). 

Trustworthiness 

Tha  rate  In  which  a  user  ran  trust  tho  Information  system  for  his  Inf crust Ion  supply. 

Pp-to-datonoso 

Tho  rate  In  which  tho  Information  corresponds  with  tho  rscont  actuality. 

Uaor-f  tloadl loess 

The  rate  In  which  the  Interface  between  information  system  and  user  Is  tuned  to  the  procedures,  disci¬ 
pline  and  experience  of  the  user. 
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Fig.  16  Future  Architecture  of  mission  prepares ion  information  system 


DISCUSSION 


S.  Boehmer,  USA 

How  is  the  database  updated?  Manual,  floppy  disk,  automated. 

R.P.  de  Noel 

Bulk  data  via  magnetic  tape  (from  AAFCE),  small  updates  manually. 

J .H .  Powell 

How  will  the  system  Interface  with  European  wide  data  systems  ouch  as  8DDS  (European  Data 
Distribution  System).  / 

R.P.  de  Moel 

The  system  is  linked  to  EIFEL,  the  next  higher  level  system  at  ATOC. 
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This  paper  presents  a  Naval  Weapons  Center  study  on  close  air  support  (CAS)  tsrgetlng  requirements 
and  systems*  The  paper  glvea  an  overview  of  U.S.  Marina  Corps  CAS  and  Identifies  problems  in  specific 
areas  of  the  CAS  mission,  Including  threat,  communications,  timing,  target  marking,  *»nd  target 
acquisition*  The  study  also  analytes  CAS  targeting  requirements  and  fomilates  guidelines  for 
Improvement  of  CAS  targeting  capabilities*  — 


MUSICS  IWUITIOK 
Clods  Air  Support 

CAS  is  defined  as  air  action  against  hostile  targets  that  are  In  the  proximity  of  friendly  forces* 
Detailed  integration  of  each  air  mission  with  the  fire  and  movement  of  the  friendly  forces  Is  required. 

dome- la  PI  re  Support 

The  support  furnished  to  ground  troops  by  Narine  Corpe  ettack  helicopters  Is  called  close-in  fire 
support  (CIFS).  The  same  coordination  with  ground  and  sir  forces  Is  rsqulred.  Tha  CIPS  mission  is 
dlffersnt  from  CAS  In  fores  stcocturt  and  ordnance  employed,  but  is  Included  In  this  study  since  it  Is 
also  sir  support  provided  to  ground  troops* 

Target  Acqmleltlom 


Targat  acquisition  Is  the  term  used  to  indicate  the  process  of  locating  the  target  once  the  general 
target  area  haa  Mar.  entered.  The  target  acquisition  process  usually  begins  with  some  type  of  search; 
lncludaa  detection,  recognition,  or  identification;  end  ends  when  the  weapon  has  been  released,  fired, 
or  locked  onto  the  target.  The  use  of  "acquire"  In  this  report  denotes  whatever  task  (or  tasks)  is 
appropriate  In  tha  context  of  the  discussion. 


Th*r  unique  functions  in  CAS  of  air-to-ground  communications  and  targating  marking  cm  also  be 
Included  as  part  of  tha  targat  acquisition  process.  A  target  marker  (e.g.,'  smoke,  panels,  or  a  laser 
designator  spot)  could  also  be  thought  of  as  the  first  of  two  targets  In  the  search  process,  with  the 
■target  Itself  tha  final  objective. 


This  study  was  carried  out  In  three  phases: 

1)  Review  of  CAS  studies,  handbooks,  operational  report*  and  Instructor  materials,  with  weighting 
given  to  anelyals  end  experience  over  the  lest  eight  years. 

2)  Interviews  with  U.S.  Marine  Corps  (USMC)  aviators. 

3)  Synthesis  of  Information  gained  from  the  literature  and  from  Interviews  es  the  baels  for 
Identification  of  the  problems,  thslr  causes,  and  possible  improvements  In  CAS  targeting.  , 


The  etudy  le  qualitative  in  nature;  assumptions  and  Important  factors  in  CAS  target  acquisition  ars 
simply  stated  with  quantitative  supporting  data.  These  statement a  are  generally  ugreed  to  in  the 
operational  and  technical  communities.  Conclusions  as  to  target  acquisition  requirements  can  be  derived 
from  the  statements,  and  thebe  seta  of  requirements  can  form  the  "shopping  list"  for  choices  of 
targeting  device  development. 


Most  of  the  targat  acquisition  functions  required  of  Marines  in  combat  are  given  In  Table  1,  where 
tha  components  (or  "players")  are  also  Hated.  The  table  shows  the  wide  range  of  operations  that 
include  sous  form  of  target  acquisition.  Items  were  reduced  In  number  to  those  predominant  In  the 
air-to-ground  attack,  CAS  mission  (Table  2).  Table  3  further  restricts  the  scope  of  Table  2  to  Items 
most  appropriate  to  targeting  per  as. 


TAILS  1.  Complete  Classification  of  Target  Acquisition  Spectrum. 


I.  Ground-to-ground 

a.  Components:* 

1.  Ground  trocps  (e,g.f  Infantryman,  forward  observer) 

2.  Vahlcla  craws  (e.g.,  Dragon  gunnar) 

3.  Artillery  craws 

b.  Functions?* 

1.  Acquire/track  enemy  bafora  firing 

2.  Direct  flra  on  enemy 

3.  Daslgnata  enemy  (e.g.,  with  a  laser  davlce  or  smoke  marker) 

4.  Report  enemy  location 

II.  Ground-to-air 

a.  Components: 

1.  Troops 

2.  Antlalr  weapon  units  (a*g.t  Hawk  unit) 

b.  Functions: 

1.  Acquire  friendly  cargo  helicopters  (halos) 

2.  Acquire  friendly  forward  air  controllers  (airborne)  (FAC(A)) 

3.  Acquire  friendly  atttek  aircraft 
t.  Acquire  enemy  air  (helo  and  jet) 

III.  Air-to-air 

a.  Components: 

1.  Halos 

2.  FAC(A)/f.actical  air  coordinator  (airborne)  (TAC(A)) 

3.  Fighter  aircraft 

4.  Attack  aircraft 

b.  Functions: 

1.  Acquire  enemy  aircraft 

2.  Acquire  own  aircraft 

IV.  Air-to-ground 

a.  Components: 

1.  Cargo  halos 

2.  Troop  halos 

3.  Attack  halos 

4.  FAC(A) 

5.  Flghtar/attack  Jets 

b.  Functions: 

1.  Acquire  own  forces 

2.  Acquire  landmarks  (e.g.,  control  points*  Identification  points) 

3.  Acquire  target  marker 

4.  Acquire  target 

5.  Acquire  landing  site 


Numbers  assigned  to  components  and  functions  are  not  necessarily  correlated 
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TAILS  2.  CAS  Target  Acquisition  functions* 


Other  functions  In  the  CAS  operation  are  not  Included  here  (e.g., 
acquiring  enemy  aircraft)* 

I •  Gr ound-f  o-g  round 

a.  Component*:  Troops 

b*  functions: 

1.  Direct  fire 

2*  Designate  target 
3.  Report  target  location 

II.  Ground-to-air 

a.  Components:  Troops 

b.  functions: 

l*  Acquire  own  PAC(A) 

2.  Acquire  own  attacker 

III.  Air-to-air 

a.  Components: 

l -  Halos 

2.  FAC(A) 

3.  Fighter/attack  jets 

b«  Function:  Acquire  other  friendly  aircraft 

IV.  Air-to-ground 

a.  Components: 

1.  Attack  halos 

2.  Fighter/attack  jets  , 

3.  FAC(A) 

A.  Ground  support  (PACt  air  support  radar  team) 

b.  Functions: 

1.  Acquire  own  forces 

2.  Acquire  target  marker  (e.g.,  smoke,  laser  spot,  radar  beacon) 

3.  Acquire  landmarks 
A.  Acquire  target 


TABLH  3.  Study  Priorities  in  CAS  Targeting. 


I •  Air-to-ground 

a. 

Components: 

1.  Fight ar/attack  Jats 

2.  Attack  halos 

3.  Obsarvar  aircraft 

b* 

Functions: 

1.  Acquire  target 

2.  Acquire  target  marker 

3.  Designate  target  (from  air  or  ground) 

• 

II.  Ground-to-ground 

a. 

Components:  Tioopa 

b. 

Function:  Designate  targets 
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Two  other  l«forciot  functions  are  closely  related  to  an  attack  aircraft  pilot  finding  tha  targat: 
cr  tint  cat  Iona  and  mark  log  tha  targat  (Talila  4).  Theee  two  areas  ara  t rooted  explicitly  in  thla  study 
•lac a  thay  Kara  btn  kay  components  In  the  CAS  targat  acquisition  procaaa  and  ara  not  found  at  all  in 
other  typaa  of  air-to-ground  targat  acquisition. 


TAILS  4.  Additional  Functions  in  CAS  Targating. 


I.  Cog.unlc.tloB 

a. 

Coaponantai* 

1. 

Tactical  Air  Coaa.ftd  Cant.r  (TACC) 

2. 

Direct  Air  Support  Cantor  (DA3C) 

J. 

Firs  Support  Coordination  Cantor  (FSCC) 

4. 

TAC(A) 

5. 

FAC(A) 

6. 

Ground  aupport  (FAC,  air  support  radar  tsam) 

7. 

Attack  aircraft 

b. 

Functional* 

1. 

toqu.at  air  .trlk. 

2. 

Direct  aircraft  to  targat  araa. 

3. 

Fata  targat  and  strlka  information 

4. 

Mark  targat 

5. 

Cl.ar  aircraft  for  .trlk.,  or  abort  .trlk. 

6. 

Coordinate  timing 

II.  Mark /das Ignat a  target 

a. 

Cowponanta : 

i. 

Troops  (FAC,  artillery  crew) 

2. 

FAC(A) 

3. 

Flghtar/attack  aircraft 

b. 

Functional 

1. 

Locate  targat. 

2. 

Launch  marking  munition 

3. 

Track  and  da. Ignat,  targat 

*. 

latlmar.  or  aaaaure  rang,  and  ba.rlng  to  targat 

5. 

Describe  targat  location  to  FAC(A)  or  attack  aircraft 

6. 

Tiaa  cargat  Barker  proparly 

•  IVunbara  assigned  to  cowponanta  and  functions  ara  not  necessarily  corxalatad. 


rm  gas  mssiaa 

Thla  aactlon  gives  a  broad  overview  of  tha  Karina  Air  CAS  and  CIFS  missions.  A  number  of  studies 
have  bean  conduct  ad,  and  handbooks  and  trial  reports  are  available  that  provide  a  great  amount  of 
detailed  information  on  threats ,  weapons,  targets,  and  their  associated  tactics.  Since  tha  Information 
la  available*  only  Its  essence  need  be  repeated  hare. 

Aircraft 

Tha  principal  attack  aircraft  involved  In  CAS  will  La  tha  AV-8B,  A-6E,  and  F/A-18.  (The  A-4N  and 
F-4N/3  will  be  used  in  tha  reserve  forces.)  Tha  0V-10  is  tha  aircraft  in  use  by  FAC(A)  in  the  Karine 
observation  squadrons.  The  AH-1J/T  Is  the  attack  helicopter  that  provides  CIFS.  Two  of  tha  attack 
aircraft  ara  single-place  types,  so  the  pilot  will  be  heavily  task-loaded  in  the  CAS  environment.  The 
A-6B,  F-4S/N,  end  AH-1J/T  have  two  crewmen,  so  there  will  be  aherlng  of  the  work. 

Threats 

The  major  throats  will  be  moblla  weapons  that  lnduda  tha  ZSU-23-4,  small  arms  and  automatic 
waapons,  and  savaral  variation  of  surfaca-to-alr  missiles  (SAMs).  Air  threats  from  enemy  fighters  ere 
also  a  possibility,  and  Hind  hollcoptars  could  be  e  threat  in  some  scenarios.  The  threats  will  use 
radar  as  well  as  electro-optical  and  Infrarad  (SO/It)  sensor*  to  locate  and  track  tha  Marina  aircraft. 
Tha  opaclfic  location  of  tha  throats  may  not  be  known  ahead  of  time,  because  of  their  mobility. 

Targets 

Moat  of  tha  targata  in  tha  majority  of  tha  CAS  scaaarloa  will  also  be  mobile  -  tanka,  armored 
personnel  carriers  (AFCe),  and  vahlc la-mount ad  art lllary.  Targeting  the  threats  theme elves  (ZSU-23-4) 
would  also  bo  affsctlva.  If  tha  Marina  ground  forcao  ara  attacking,  such  things  as  fortifications 
(bunkars)  could  also  become  targets. 
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Th«  vehicular  tar, ace  ara  coaildarad  point"  tirja'.a  (a*  oppoaad  to  araa  target*),  vSoaa  location 
can  changa  bacataa  of  thalr  nobility.  Thla  typa  of  -argot  '•  not  aaay  to  aa*  unlaaa  It  la  raining  duet 
in  a  dry  an.irocent ,  or  la  narkad  or  daalgnatad  by  a  FAC  or  FAC(A). 

The  Karina*  could  uncoutcar  a  broad  rang*  of  amrlronaanta;  a.g.,  flat,  opon  countiy  with  llttl* 
v*g*tatloai  hilly  country  with  llttl*  vagatatlon  or  covered  with  trvai;  open  farmland',  or  built-up 
coaatal  region*.  Including  urban  area*.  Operation*  muat  bo  performed  day  and  night  in  all  aaaaon*. 
Limited  visibility  and  low  calling*  make  air  operation*  difficult.  Night  condition*  make  operation* 
nor*  difficult,  but  alao  dacraaaa  th*  threat'*  affect! venae*  by  dlaruptlng  optical  tracking. 

An  additional  environmental  problem  that  muat  be  considered  In  weapon  amployment  studio*  J* 
jamming.  IC  la  likely  that  air-to-ground  co— unications  will  ba  degraded  by  jamming.  Radar  performance 
will  be  degraded  by  jamming  by  both  aldea  In  a  conflict* 

The  Identifying  feature  of  both  CAS  and  CIPS  la  operation  la  proximity  to  friendly  troope* 
Traditionally,  thla  haa  required  cloae  communication  bet mean  the  ground  troope  and  their  attack 
aircraft.  First,  and  moat  Impoi  xnt,  by  good  communications  ground  troops  can  enaure  that  thalr  own 
troope  Are  not  attacked;  second,  they  can  enaura  that  the  dealred  targot  la  attacked  and  destroyed.  A 
Jammed  environment  makes  thla  communication  difficult  If  not  Inpoaalbla  at  tlmaa. 

Tmctlce 

Scale  weapon  delivery  tactlca  are  dictated  by  the  aircraft,  capabilities,  vaapon  characteristic*, 
weather,  and  the  threat.  The  weapona  muat  be  delivered  within  the  range  envelope  (between  e  maximum  and 
a  minimum  range)  and  In  some  ceaaa  must  Impact  at  a  high  enough  grating  angle  to  be  effect  -ve .  The 
release  conditions  muat  be  such  that  the  a««w*raft  can  avoid  weapon  fragmentation.  We a pc  fragmentation 
from  tha  first  aircraft  in  a  atrlka  mu-st  be  avoided  by  the  second  aircraft*  (Timing  la  critical.) 

Tha  threat  forces  tha  aircraft  to  fly  such  that  target  acquisition  la  difficult  and  weapon  delivery 
la  not  In  the  "optimum"  pert  of  the  envelope.  Jet  aircraft  fly  aa  low  end  fast  aa  possible.  They  make 
frequent  turns  to  make  tracking  thma  difficult  (jlnki.ig).  They  u«e  terrain  masking  to  avoid  detection. 
This  same  masking  keeps  them  from  seeing  the  target,  of  course.  Rnlxcoptere  ily  as  low  aa  possible, 
awo*d  *ny  populated  area,  arC  alao  use  all  the  marking  possible. 

Jet  aircraft  muat  normally  Increase  thalr  altitude  bafore  weapon  release,  entering  a  rhallow  dive  or 
loft  maneuver,  or  popping  up  and  then  entering  a  shallow  dive  over  the  target.  Some  weapons  can  also  be 
delivered  In  e  low-level  loft  (e.3.,  10-degree  putl-up  to  release)  if  the  target  can  be  found  In  time. 

Helicopters  conducting  CIPS  usually  ujs  the  pop-up  Maneuver,  search  the  area  for  the  target,  a  lav 
the  weapon  or  turn  the  helicopter  lock  on  (If  appropriate),  track  aud  fire.  Sometimes  tracking  le 
required  after  weapon  launch.  This  pop-up  tekss  them  just  above  the  terrain-  or  veget at ton-unmask 
point. 

The  timing  of  the  attack  paaa  xs  critical,  particularly  when  target  marking  a  ad  mobile  targets  ar> 
involved.  ftils  cooidlnatlor  between  the  ground  FAC,  any  airborne  FAC,  and  the  attack  aircraft  may  alao 
take  pie.  e  In  a  high-threat,  cornmnlf  at  lost- jamd  anvirorernt  (In  tha  woret-cene  situation) 

Target  marking  can  take  many  forms,  depending  on  the  aircraft  systems  and  whether  the  strike  le  at 
night  or  In  the  daytime.  Smoke  hee  been  used  for  years  to  cue  the  pilot  where  no  look  for  the  target, 
or  where  to  release  the  twapon*  if  the  target  cannot  b#  seen.  Vhlte  phosphorous  (VP)  s*K>ka  can  be 
delivered  from  the  ground  or  in  th«*  sir  (other  colors  ere  not  now  available). 

The  development  o'  laaer  designators,  lasar  spot  tracks*  a,  and  laser-guided  bomba  and  miss  lias  haa 
provided  e  new  capability  In  CAS  target  acquisition  and  attack.  1  teas  laser  devices  provide  two 
functions:  they  cue  the  pilot  j>d  th*  aircift  system  to  the  target's  location,  -nd  they  provide  an  aim- 
point  for  tha  1  taar-gulded  weapon.  Cueir.g  reduces  the  pilot's  search  tine,  end  guidance  reduces  the 
weapon's  circular  error  rrobab  lity  (CUP). 


the  materiel  present rj  above  la  Intended  to  give  a  flavor  of  tome  of  the  target  acquisition  aspects 
of  close  sir  support,  without  repeating  much  of  the  detail  available  in  other  reports. 

■. 'AS  has  a  vide  variety  ai  flight  profiles  (medium  altlt  de,  low  altitude,  pop-up,  etc  ).  weapona, 
and  players.  C*'  muat  be  conducted  at  night.  In  t».c  dejrtlme,  and  in  all  eoxta  of  terrain  end  weather* 
Jets,  observation  aircraft  (CV-JOs),  end  nellfvptnre  engage  in  direct  support  of  the  ground  troope  (CAS 
and  CIFS)* 

( AS  has  some  of  t*.e  ca^e  target  acquisition  problems  that  are  four!  In  strikes  away  from  ftiendly 
troopa  (e*g.,  base,  masking,  battl  cluttsr,  weather).  The  additional  requirements  to  locate  end 
co— un teats  with  friendlies  near  the  targets,  and  to  -jerk  tha  targets,  introduce  additional  problems. 
The  ability  to  mark  the  targets,  however,  can  make  things  easier  for  tha  attack  pilot*  It  appears  that 
all  theaa  require  ante  must  be  met  in  e  medium-  to  hlgh-threet  environment* 
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tam mm  pioilm 

Mora  small  mobile  targets  trill  be  encountered  In  CAG  than  In  deep-strike  attack  ala* Iona.  Because 
of  thalr  mobility,  tha  locations  of  tha*a  targata  trill  not  ba  known  exactly,  and  they  trill  be 
"available"  to  attack  for  only  a  abort  tine.  Mobile  targata  are  difficult  to  locate,  unlaaa  narked,  and 
they  nay  ba  heavily  defended. 

The  proximity  of  friendly  troopa  brings  good  natrs  and  bad  name.  The  bad  newe  la  that  it  la  vary 
important  that  tha  attack  pilot  not  drop  hla  traapona  on  tha  wrong  target.  Hla  task-loading  la  Increased 
b7  oaviMg  to  locate  tha  enemy  and ,  at  tha  aaaa  time,  know  ha  la  not  chiertening  tr  friendly  troops.  He 
can't  just  drop  hla  payload  ont  or  shoot  at,  anything  that  looks  man-made. 

The  good  n».*s  it  the.  those  nearby  friendly  troope  can  mark  themeslves  and  tha  targets  to  aid  tha 
attack  aircraft.  Tha  type  of  merging  must  fit  the  situation  and  be  conpatlbla  vith  the  aircraft 

ayetama. 

Tabla  S  ehowa  tha  moat  favorabla  conditions  for  CAS.  Many  of  thaaa  conditions  might  ba  found  in  a 
parmlaaiva  environment,  against  an  unsophisticated  enemy.  Howevar,  currant  scenario  or  miaeion- 
dascrlption  documents  atata  that  moat  of  thaaa  conditions  should  not  ba  axpactad. 


TABLE  5.  Optimum  Conditions  for  CAS. 


1.  Accurate  aircraft  navigation  system  (good  to  100  meters) 

2.  Target  marking  or  cueing  visible  to  pilot  or  avionics 
tensor  (laser  spot  tracker),  and  accurst#  offset  from 
marker  to  target 

3.  Marking  of  own  or  friendly  troopa  visible  to  aircraft 

4.  Good  air-to-ground  communication  with  adequate  time 
available  for  massage 

5.  Claaranca  by  PAC  bufore  weapon  release 

6.  Positive  identification  of  target  by  pilot  before 

release 

7.  Damage  assessment  snd  second -pass  Instructions  from  PAC 
after  vmapon  delivery  (for  new  alm^oint  from  marker) 

8.  Good  timing  between  air  and  ground 

9.  Appropriate  aircraft  weapons,  tactics,  and  target 
(proper  warhead,  fuse,  Impact  angle,  ate.) 

10.  Accurate  weapon  release  computer 


Tabla  6  ahowa  soma  of  the  problems  that  an  aircrew  might  have  In  actually  kl-Jing  tha  target  once 
all  tha  other  problems  have  bean  surmounted.  These  problems  are  caused  by  the  target's  characteristics 
(generally,  hard  to  aaa  or  to  locate  with  radar  or  forward-looking  infrared  (PLIB)  sensor)  and  by  tha 
threat  forcing  the  aircrew  to  fly  low  and,  for  jets,  feat. 


TABLE  6.  Problems  In  Target  Acquisition. 


Problem 

Caoaa 

1.  Small  l.rg.t. 

Targata  arr  moatly  vahlclaa  (tanka,  AJPCa, 
M0»). 

2.  low-contra.:  t.r,.ta 

Targets  use  dirt,  foliage,  paint,  end 
camouflage  to  avoid  detection. 

3.  Fla. tin,  targata 

Targets  are  mobile* 

4.  Kastricted  visibility 

Natural  waath.r,  battl.fl.ld  amok, 
raatrlct  rlalbllity. 

3.  Tarralo  and  v.,a  t  at  loo  maaking  raatrlct 

▼lalblllty 

Low-flight  altitude  of  aircraft  in  order 
to  avoid  threat. 

6.  Short  search  time 

Threat  forces  high  speed,  single  pees,  or 
quick  pop-up  by  aircraft. 
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Target  marking  Increase*  the  probability  of  tha  aircrew's  finding  tha  targat  and  reduces  ••arch  time 
to  a  minimum  In  a  b*gh-threac  environment.  Table  7  above  some  problem*  rich  tha  maployment  of  targat 
•arbor a,  Aa  ah own  la  tha  tabla ,  thara  ara  problaaa  with  both  a  flapla  system  Ilka  aaoka  and  a 
coapllcatad  and  expansive  system  Ilka  a  laaar  daalgnator.  Tha  laaar  designator  alto  requires  rallabla 
laaar  trackar  avionics  In  tha  aircraft. 


}>■  “Xt  HSIOUIOI  0B« 

A  laaar  daalgnator  uaad  aa  a  narking  device  la  precise.  It  la  alao  active,  and  can  ba  u«*d  (In 
reverse)  to  Indlcata  there  tha  forward  observer  la.  Tha  aircraft  must  ba  equipped  with  a  compatible 
•anting  ay* ton,  which  auat  ba  polntad  in  tha  right  diractlon  to  datact  tha  laaar  apot. 

Use  of  a  lasur-gulded  waapon  haa  ona  larga  advantages  it  dacraaaaa  tha  CKF;  however,  It  can  aaka 
othar  taaka  in  tha  waapon  delivery  procaaa  aora  difficult.  Coordination  and  tlalng  ara  more  difficult. 
And  tha  daalgnator,  whathar  ground  or  airborne*  la  mora  vulnarabla  than  passive  systems,  Tha  half-Ilf* 
of  a  daalgnator  la  not  vary  long. 

An  obvloua  naad  la  to  dicracc?  tha  designation  time  required  by  our  acquisition  systems  and  by  laaar 
weapon a. 


TABLE  7.  Target -Marker  Acquleltlon  Problaaa. 


Problem 

Cause 

[  -  -  --  -  _ —  -  -  -  --  --  --  ----- 

1. 

Smoke  marker  not  always  visible. 

ftatt L.f laid  hasa,  mla>  kaatrlctad  visibility. 

Wind  blow*  Moka  away.  Not  uaabla  at  night  or  In 
•now  bacauaa  of  color. 

2. 

Smoke  marker  not  unique. 

Enemy  counters  with  own  smoke.  Colored  amok#  la 
not  aval labia,  but  needed* 

3. 

Smoke  marker  la  static. 

Smoke  cannot  "follow"  moving  targets . 

*. 

Smoke  marker  may  not  be  placed 
accurately  near  target. 

Inaccuracy  in  marker  delivery*  artillery  firing 
of  marker  round*  nr  communication. 

5. 

Laser  daalgnator  raadlnaaa  un¬ 
known  (both  ground  and  airborne). 

Operator  cannot  aae  designator  apot  on  targat. 

6. 

Laaar  daalgnator  vulnarabla 
(both  ground  and  alrborna). 

Long  time  (10  to  30  seconds)  required  with  apot 
on  targat  (depending  on  tactic  and  weapon  system). 

7. 

Wrong  laaar  daalgnator  and  laaar 
trackar  codaa  aoaatlaaa  uaad. 

Poor  cooaunlcatlon  aak.i  coordination  difficult. 

«. 

Laecr  designators  difficult  to 
uaa  at  night. 

No  night  lighting  d.vlcts  for  ground  laaar  unlta. 

9. 

Target  markers  not  visible  fro® 
low-flying  aircraft. 

Terrain  and  vagatatlon  masking. 

Tabla  8  above  some  additional  targating  problaaa  that  would  ba  encountered  during  night  operatlone. 
Tha  A-6E  targat  recognition  and  attack  aultlaenaor  (TRAM)  and  tha  F/A-18  with  Ita  PLIR  would  not  require 
flaree,  but  use  of  the  aircraft  radar  ayataa  with  a  radar  beacon,  and  tha  PLlRa  will  etlll  not  ba  aaay 
In  a  high-threat  environment* 
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TABU  a 

Night  CAS  Problems. 

Problem 

C*u«. 

1. 

Aircraft  eu#^  fly  hig?mr  at  night 
than  In  the  daytime. 

Automatic  terrain  avoidance  ayattma  (If  any)  not 
totally  railed  on. 

2. 

Flare  illumination  difficult. 

Pilot#  do  not  want  to  overfly  target  to  drop 
flare# •  Flare  placement  not  accurate .  No  forward¬ 
firing  flarae  In  Harloe  Corps  Inventory* 

J. 

location  of  target  by  ground  FAC 
difficult  at  night. 

Night  eearch  and  ranging  eyatema  are  not  now 
available* 

4. 

Target  acquialtlon  (search)  by 
elrborna  senior  alone  la  not 
likaly. 

Restricted  field  of  view,  aircraft  and  target 
location  uncertainty,  low  flight  altitude,  time 
limitation. 

5. 

Use  of  a  ground  beacon  alona  1# 
not  good  enough  for  targat 
atrlka. 

Range  and  a#lmuth  from  beacon  to  target  cen  be 
Inaccurate. 

«. 

Location  of  Identification  point 
(IP)  at  night  for  pop-up  attack 
is  difficult. 

IPs  ere  usually  visual  fixes.  Host  current  air¬ 
craft  do  not  have  e  good  enough  navigation  system. 

ASSOCIATED  IHK—  km  somnan 

It  la  unrealistic  to  consider  tha  target  acquialtlon  function  a#  an  Independent  item  In  the  CAS 
procaaa.  Related  procaaaaa  and  problaea  that  eight  be  conaidared  to  be  out aide ,  or  cn  tha  fringe# ,  of 
targeting  are  shown  In  Table  9.  Theee  factor#  certainly  affact  the  ability  of  tha  aircrew  to  find  the 
target. 


TABLE  9.  Coeeunlcatlon  and  Coordination  Problaea. 


Probl*. 

Cauaa 

i. 

Onr«.trlctwl  .lr-to-.round  coa- 
■unie.cton  probably  not  poMlbl*. 

Enemy  jamming.  Lov-laval  flight  makes  communi¬ 
cations  difficult. 

2. 

Dvacrlptlon  of  t«r,.t  location 
takaa  a  Ion,  tiaa.  If  poaalbla 
at  all. 

Different  views  of  tsrgst  area  from  air  and  ground. 
Description  not  prariee. 

J. 

Split-second  timing  difficult 
(precise  tlme-on-target ) . 

Poor  aircraft  clocks  and  navigation  systems.  Enemy 
diversions,  bad  weather. 

A. 

Timely  target  designation  for 
weapon  delivery  difficult* 

Hob lie  targets  have  a  short  exposure  time.  A 
multiple-aircraft  strike  complicates  coordination 
end  communication. 

Figure  1  1#  a  block  dlagrae  of  the  Interrelated  factor#  for  a  fixed  #et  of  condition#  that  an 
operational  group  would  face  In  wartlee.  "he  only  feedback  loop  ehown  goe#  frae  "effectiveness*  to 
"tact Ice.*  In  a  given  campaign,  the  military  forces  oust  operate  againet  a  epeciflc  threat  end  target, 
with  the  aircraft,  avionics,  and  the  marking  device#  available  In  the  inventory.  The  only  factor  they 
can  change  1#  tactlce  If  they  are  not  eatlefled  with  their  effect iveneee.  Son#  recent  tactic#  change# 
have  had  good  #ucce#«  in  countering  threat#  and  coeeunlcatlon#  jamlng. 

Figure  1  eleo  llluatratee  the  "essocleted"  solution#  to  the  targeting  problem,  if  aircraft  avlonlce 
are  changed  to  leprove  eurvlvablllty  (e.g.,  improved  chaff),  the  tactlce  could  be  changed  to  ieprove 
target  acquialtlon  capability  (e.g.,  fly  higher).  If  a  target -marking  device  on  the  ground  1#  changed 
to  Improve  target  acquisition  capability  and  thereby  improve  ef fectlvenaea,  aircraft  avlonlce  could 
remain  the  same.  And  so  on. 


FIGURE  l*  CAS  Factors  for  Fixed  Sat  of  Equipment  and  Environmental  Conditions. 


TAKcrriac  nwrowr  goidklirs 

A  good  targating  development  strategy  would  Includa  tha  following: 

1.  Tha  targating  must  ba  successful  undar  flight  conditions  that  ara  nacaasary  to  deal  with  tha 
thraat  (e.g.,  low  altitude,  high  spaed). 

2.  Tha  targeting  parfornanca  should  ba  compatible  with  tha  delivery  envelopes  of  tha  available 
weapons  (e«g*»  a  minimum  range  of  6,000  feat). 

3.  Operation  of  tha  targeting  system  must  not  Increase  thu  aircrew  work  load  since  it  la  already 
too  high. 

Information  reviewed  during  this  study  indicates  that  the  threats  will  remain  high  and  probably 
lncraaae  in  Intensity.  Today's  leastdeveloped  cultures  will  soon  have  sophisticated  antlalr  weaponry, 
so  the  "low-threat H  environment  may  bw  a  thing  of  the  past* 

One  approach  la  to  integrate  targeting,  electronic  countermeasures,  and  weapon  developaMnta  that 
would  attack  tha  target  and  threat  (sometimes  the  same)  aa  a  system.  If  the  threats  can  be  detected, 
located,  and  killed  or  suppressed,  attacking  other  targets  become*  much  easier.  And  until  the  threats 
can  be  suppressed,  CAS  may  well  be  an  unacceptable  mission,  because  of  unacceptable  attrition  rates. 


pnLDcmiT  iindiimino« 

What  would  be  tha  moat  important  improvemants  in  USMC  Air  CAS  ability,  from  the  targeting 
standpoint  Tha  following  seem  to  predominate  in  all  of  tha  above  descriptions: 

1.  Improved  threat  acquisition  and  suppression 

2.  Improved  coaKunlcetlon  in  the  Jammed  ecvlronment 

3.  Improved  target  warding 

4.  Improved  friendly  marking 

5.  Improved  target  acquisition,  per  ae. 

6.  Decreased  aircraft  and  targat  designator  axposure  ties 

What  proposed  "improvement s’*  may  not  help  much?  A  Hating  should  Include: 

1.  Proposals  for  improving  or  modifying  current,  often  expensive,  products  without  clearly  showing 
what  the  improvement  will  buy. 
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2.  Longer-raage  waapona  that  dj  not  daal  with  tha  aaaocletad  earere  long-range  target  acquleltlon 
probleu  (eepeclally  owar  land). 

3.  Coaeapta  that  do  not  daal  with  tha  throat  and  cannot  ba  need  at  wary  low  altltudee  or  at  high 
apaada  (for  jata). 

4.  Coneepte  that  purport  to  lncreaee  tha  targat  acquleltina  raaga  (a.g. ,  through  battar  raeolu- 
tloo),  but  do  not  aolaa  tha  naeklng-frou-low-altltuile  or  rery-ehort-eapoevre-tlBe  problaua. 

5.  Concapta  that  lncreaae  aircrew  daclalon  waking  aod  work  load. 

6.  Coaeapta  that  ara  not  eoapatlbla  with  our  entrant  aad  naai —  future  uaapooa  and  thalr  aawalopaa. 


Thla  paper  haa  briefly  daacrlbad  CAS  oparatloaa  aad  ldeetlfled  ao mm  of  tha  targat  acqulaltloa 
protlaaa.  Dlacuaaioo  of  aaaoelatad  problaua  aoch  aa  coaaualcat loaa  haa  alao  bean  Included.  Sou a 
geaaral  racoaaadat loaa  have  bean  aada  on  araaa  aaadlag  laadlata  attention,  and  a  atratagy  for  loagar- 
raaga  developwent  haa  bean  auggaatad. 

Tha  Information  container!  la  ehia  etudy  la  Intended  to  ba  uaad  la  eoablnatlon  with  a  technology 
aurvay  to  produce  apeclflc  hardware  dawelopwent  propoeala. 
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PRESENTATION  6 EWERALE 

Depuls  plusleurj  innfts ,  1'Arate  de  1'Alr  frangalse  procldr  I  1 'Iqul peaent  des  centres 
d'opkratlons  en  aoyens  de  tralteaent  autoaatlsls.  Le  description  d'un  tel  systlae  d'el- 
de  I  la  dlclslon  :  celul  dont  est  dotle  la  Force  Alrlenne  Tactlque,  fait  I'objet  d'un 
expost  Id  Mae. 

Oans  ce  contexte,  les  tqutpes  de  rtallsatlor  ont  It t  aaenles  trts  tSt  I  s'lnttresser 
aux  posslbflltfs  qu'apporte  une  approche  par  les  laoyens  de  1  1  Intel  1 1  gence  Arttflclel- 
le.  La  planl  f Icatlon  des  missions,  la  gestlon  des  ressources  sont  des  doaalnes  oO  ces 
techniques  sont  naturel  1 ement  utlllsables.  Le  rensel gneaent  allltalre  Igalement  et  nous 
allons  Id  prtsenter  une  application  concernant  la  tenue  t  Jour  d'une  situation  par 
systtee  expert. 

Aprts  cette  description  nous  tvoquerons  certalnes  conclusions  auxquelles  nous  t  con¬ 
duit  la  rtallsatlon  de  systkaes  experts  dans  le  donalne  des  C31. 


L 1  AD  TOM  ATI  SAT  1 QN  DU.  TAA1TENENT  DU  SENSE  1G  NEHENT 


Un  c*ntre_dexj;l oUatJsn_du_ rensdjneaent_a_12itijr£  a  pour  tlche  de  rasseabler  le  maxi¬ 
mum”  0*1 nforaatTons  possibles  Tu"r  les  'force*.  ~  ad  verses  ,  de  les  tralter  (corrtl  at  ion  , 
1 nterprttatlon ,  validation),  de  les  stocker,  de  rtallser  des  synchkses  et  de  les  prt¬ 
senter  sous  des  foraes  dlverses  en  vue  de  leur  utilisation  optra tl onnel 1 e .  L'ordre  de 
batallle  (  IB )  constltue  une  des  prtsentatlons  les  plus  courantes  de  de  type  de  situa¬ 
tion. 

Er  teaps  de  palx,  les  Inforaatlons  recuelllles  concernent  en  gtntral  des  unltts  dont 
le  statlonneaent  est  reletlveaent  stable.  Un  tralteaent  nanuel  des  observations  re¬ 
cuelllles  est  sufflsant. 

En  teaps  de  crlse  ou  de  confllt  l'ordre  de  batallie  des  forces  adverses  devlent  trls 
tvolutif.  Pour  tenlr  la  situation  I  Jour  11  faut  tralter  cheque  Jour  un  grand  noabre 
d'observatlons  provenant  de  sources  trls  dlverses  :  coapte  rendu  de  missions  pour  les 
observations  I  vue,  exploitation  des  reconnaissances  afrlennes  (photo,  optronlque 
Infra  rouge,  radars  SLAR,  etc...  )  ou  des  rensel  gneaents  fournls  per  les  satellites, 
etc...  Par  allleurs,  la  tenue  I  Jour  de  cette  situation  dolt  se  falre  pratlqueaent  en 
teaps  actuel  pour  Ctre  en  phase  avec  le  dfrouleaent  des  optratlons  alrlennts. 

A  l'lvidenc*.  un  tralteaent  Inforaatlque  de  toutes  ces  donnles  est  Indispensable  pour 
exploiter  dans  les  dllals  voulus  la  aasse  des  Informations  regues. 

Le  systlae  autoaatlsk  ae  tralteaent  du  rensel gneaent  allltalre,  appall  VIGII.E,  propo¬ 
se  de  rlpondre  I  1'enseable  des  besolns  du  2lae  Bureau  en  teaps  de  palx,  de  crlse  ou  de 
guerre  :  Itabl  Isseaer.t  et  gestlon  des  dossiers  d'objectlfs,  alse  en  forae  et  equalisa¬ 
tion  peraanente  des  ODB ,  llaboratlon  des  plans  de  recherche  du  rensel gneaent .  etc... 

le  projet  VlGluE  prlvolt  de  tralter  las  dlfftrantes  fonettons  par  des  algorlthaes  spt- 
clflques.  Cependant  le  dfveloppeaent  des  systlaes  experts  peraet  d'envlsager  de  les 
uti'llser  pour  tralter  de  fagon  plus  iligante  et  plus  eff1<"ace  un  certain  noabre  de  pro- 
fa1  iut; . 

L'  Intel  1 1  gence  Art  Iflclelle  est  en  effet  partlcul  llreaent  blen  adapt.!*  au  doaalne  du 
renselgnenent  : 

-  possibility  d'utlllser  les  conn* 1 ssances  sptclflques  d’un  c*~ta1n  noabre  d'exparts 
de  haut  niveau  au  profit  d'opirateurs  rapldeaent  forals  (rtservlstes  en  teaps  it 
guerre) , 

-  tralteaent  d'une  grande  aasse  d*  oonnles, 

-  langag*  conversatlonnel  slaple,  fournlssant  I  la  deaande  les  explications  voulues 
sur  le  processus  de  ralsonneaent  du  systlae  et  expllquant  ses  dlductlons. 
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-  possibility  de  Modifier  1*  base  de  connal stances  pour  Introdulre  de  nouveaux  maty- 
riels  ou  modifier  les  caractyrl stlques  de  ceux  dEja  prls  en  compte. 


OCB  £T_STSTEHE  EXPERT 

Le  systlme  VI6EX  se  propose  d'appllquer  la  technique  des  systlmes  experts  sur  un  cas 
concret  simple  :  ytabl Issement  de  l'OOB  (dEplolement)  des  systlmes  de  dEfense  aErlenne 
d'un  Corps  d'ArmEe  adverse  8  partlr  des  Informations  recuelllles  par  dlffErents  cap- 
teurs  sur  une  pErlode  de  9  heures  au  Jour  J  +  2  d'un  confllt  :  observations  vlsuelle 
vis  des  pllotes,  exploitation  des  reconnaissances  ayrlennes  et  des  photographies  prises 
par  des  satellites,  rensel gnements  do  guerre  yi ectronl que . 

II  s'aglt  de  sevolr,  avec  la  plus  grande  flabllltE  possible,  comment  les  systlmes  d'ar- 
■e  sol-air  ennemls  sont  rEpartls  sur  le  thEltre  d'opyratlon.  Cecl  permettra,  Eventuel- 
leaent  I  un  autre  systlme-expert .  de  prEparer  la  mission  aErlenne  sur  ce  thEJtre, 
d'Evaluer  la  menace,,,. 


L *ut  1 1  Isat Ion  de  VIGEX  a  E tE  congue  pour  Btre  aussl  convlvlale  que  possible  et  pour 
permettre  alnsl  1'accls  8  des  personnes  n'ayant  aucune  formation  en  Informatlque  par 
1  'utl 1 1satlon  de  graphlques.  de  menus  et  d'une  Interface  en  langage  natural, 

Le  but  de  VIGEX  conduit  le  systBme  I  rempllr  des  types  de  fonctlons  dlstlnctes  : 

,  la  salsle  nanuelle  aldEe  des  Informations  ponctuelles  Emanant  des  organes  de  recher¬ 
che  spEclallsEe,  Identifies  au  prEalnblc  comme  pouvant  appartenlr  1  des  Elements 

SAN. 

.  la  eorrElatlon  automatlsEe  des  Informations  salsles  avec  les  Informations  stoc- 
kEes  ; 

.  la  prEsentatlon  I  1 ‘util Istteur  pour  validation  de  ; 

*  la  crtatlon  de  nouveaux  ElEaents. 

*  la  modification  d’ElEments. 

*  1#  mis*  en  attente  d’ 1  nformat lor.  non  corrEl&ble, 

*  1  *yi  1-jlnatlon  d'EIEments  ; 

.  la  prEsenUtlon  d'une  situation  des  moyens  sol/air  afln  de  prEciser  leur  localisa¬ 
tion  (ODD )  ; 

.  la  dEductlon,  8  partlr  de  cette  situation,  d'une  hypothlse  ce  dfi p 1 olement ; 

.  une  aide  t  la  comprEhens 1  on  des  rEsultats  obtei.us  ; 

,  la  prise  en  compte  par  1'expert  de  la  modification  des  modEles  de  dEplolement  des 
unltEs,  ou  des  types  de  systlme  d'arme. 

Pour  effectuer  sa  tlche,  VIGEX  dispose,  8  1'entrEe,  d'une  sSrle  “d 'observations" 
ponctuelles  et  IncomplEtes  sur  le  dEplolement  enneml  ;  ce  sont  les  constituents  Inl- 
tlaux  de  sa  base  de  falts.  VIGEX  dispose  aussl  de  la  description  de  tcutes  les  confi¬ 
gurations  possibles  pour  chacun  des  "systEmes  d'arme"  alnsl  que  la  description  d’un 
certain  nombre  de  "dEplolements  types"  des  forces  ennemles.  Ce  sont  les  constituents 
de  la  base  de  connal ssance . 

FORMAL ISAT I  ON  PE  LA  C0NNA1 SSANCE 

La  base  de  connalssance  cst  structurEe  de  la  fagon  sulvante  : 

-  rlgles  de  production, 

-  frames  d«  dEplolement  type, 

-  frames  de  systtme  d'arme. 

En  effet,  un  systlme  d'arme  ast  composE  d'un  certain  nombre  de  caractErl st 1 ques  (vEhl- 
cula  de  tlr,  frequence  d'Emlsslon  radar,,,.)  qul  peuvent  prendre  chacune  certalnes 
valours.  De  mime,  un  modlle  de  dEplolement  est  une  mosaTque  de  zones  gEographlques 
dlstlnctes.  chacune  pouvant  contsnlr  un  type  donnE  de  systlme  d'erme.  Pour  pouvolr 
dEcrlre  ces  deux  types  de  connal ssance ,  le  formallsme  "frame*  Etalt  blen  adaptE, 

Par  contre,  pour  rSsoudre  les  probllmes  sulvants  : 

.  quel  modlle  de  dlplolament  essayer  en  premier  ? 

.  quel  ast  le  mellleur  pos 1 t 1 onnement  da  ce  modlle  par  rapport  aux  emplacements  des 
observations  7 

.  etc..., 

les  rtgles  de  production  sont  les  mleux  adaptles. 
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FORMALISATION  DU  RAISONNEMENT 

Le  ralconnement  en  "chaTnage-avant "  constste  I  partir  des  observ«t1 ons\  1  trouver  I 
quel  systAme  d'arme  elles  correspondent  puls  1  chercher  I  quel  dAplolement  type  corres¬ 
pondent  ces  systAmes  d'arme. 

Le  ralsonnement  en  "chafnage-arrl Are*  consists  I  felre  1'hypotiiAse  d'un  dAplol  ement- 
type  puls,  pour  chtcun  des  systAmes  d'arme  qul  le  constituent,  A  voir  si  11  y  a,  au 
■  Arne  emplacement,  des  observations  qui  y  correspondent. 

5A1S1F  D_'yNf_OBSERVATION 

Une  observation  se  prAsante  sous  la  forme  d'une  suite  d* 1 nformat Ions  sur  les  caractA- 
rlstiques  d'un  systAme  observA  et/ou  dAtect?  (s:a1s  non  forcAment  reconnu),  prAcAdAe  de 
deux  c 1 *s  : 

.  lieu  de  1 1  observation , 

.  type  de  1 'observation  (I  vue,  photo,  guerre  Alectronlque  etc...). 

La  s/.lsle  se  fait  par  1  'ut 1 1 1  sat  Ion  d'une  grille  comportant  toutes  les  caractArl stl - 

quet  env isageabl es  des  matArlels  prls  en  compte  dans  la  base  de  connalssance  du  sys¬ 
tAme. 

II  sufflt  a  1  'ut  1 1 1  sateur  de  reiapllr  cheque  carac ttrl st  1  que ,  une  par  une,  pour  ren- 
trer  en  machine  de  fagon  systSmat 1 que  et  complAte  les  Informations  qu'11  possAde. 

CORRELATION  DES  INFORMATIONS 

Le  dAplolement  des  systAmes  d'armes  sol/air  est  caract Art s t 1 que  du  dAplolement  d'un 

type  de  Corps  d'ArmAe,  sulvant  les  modules  que  peuvent  Atabllr  un  2Ame  Bureau. 

Le  systAme  VIGEX,  pour  chaque  point  gAographlque  concern?,  AtaLilt  la  correlation  des 

dlfferents  rensel gnements  recuelllls.  En  cas  d' 1  dent  1 f 1  cat  1  on  certalne  (l.e  d'une  plau- 
slbtl It®  sufflsante)  d'un  type  de  matArlel,  11  affiche  sur  l'Ccran  un  symbole  fixe  cor¬ 
respondent  I  ce  matlrlel.  Dans  le  doute  11  affiche  slmplement  un  point  d' 1 nterrogat  1  on 
dans  1'attente  d' 1  nformatlons  compl  Amenta  1  res  ou  d'une  dAcIslon  de  1'opArateur. 

SI  les  Identifications  dAjl  effectuAes  permettent  de  posltlonner  le  schAma  type  du 

Corps  d'ArmAe  ou  1  *  OB  0  des  systAmes  sol/air,  1'opArateur  ou  le  systAme  pourront  en 
tenlr  comptc  pour  lever  le  doute  sur  les  batteries  non  IdentlflAes  ou  Identifies  avec 
un  mauvals  coefficient  de  certitude. 


LANG  AGE  NATUREL 

Le  module  de  langage  naturel  est  chargA  de  gArer  la  comprAhenslon  Je  phrases  tapAes 
par  1 ' utl 1 1 sateur  et  de  prAsenter  la  rAponse  S  la  question  ou  d'exAcuter  1 'ordre 
correspondant . 

Ce  module  est  capable  de  comprendre  des  phrases  tapAes  sous  un  grand  nombre  de  for¬ 
mes  syntaxlques.  11  peut  Agalenent  comprendre  les  formes  abrAgAes  ou  grammatical  ement 
1 ncorrectes . 

Le  module  de  langage  naturel  analyse  la  phrase  entrAe  A  1 'aide  d’un  arbre  syntaxlque 
pour  en  dAduIre  la  rAponse  1  fournlr  ou  l'actlon  1  effectuer. 

II  est  capable  d'un  certain  auto-apprentlssage.  Lorsque  1 ' utl 1 1 sateur  lul  donne  une 
forme  grammatlcale  nouvelle,  11  recherche  la  plus  proche  parmf  telle  qu'11  connatt. 


RESUME 

En  rAsumA,  VIGEX  est  un  systlme  expert  qul  Atabllt  le  dAplolement  probable  des  systA¬ 
mes  d'arme  d'un  corps  d'armAe  A  partir  des  Informations  recuelllles  par  dlffArents 

capteurs  de  rensel gnements . 

VIGEX  dispose  en  entrAe  de  pluslaurs  types  d '  1  n formations  : 

-  des  observations  IncomplAtes  et  dc  qualltA  variable,  provenant  de  sources  de  rensel- 
gnements  dlverses, 

-  les  caractArl stl ques  des  prlnclpaux  systAmes  d'arme, 

•  les  modAles  de  dAplolement  des  forces  ennemles. 

VIGEX  propose  deux  modules  J'lnterface  : 

-  l'un  crAA  l":«r  l'er.per  11  permet  de  rentrer  les  modAles  de  systAmes  d'arme  et 
les  modA’.s  de  dAplolement, 

-  1 'autre  destlnA  1  1'utl  Isateur  :  11  permet  de  rentrer  let  observations  recuelllles 

par  les  divers  capteurs  et  de  demander  A  VI6EX  de  dAduIre  de  celles-cl  le  dAplole- 
ment  le  plus  proche  de  la  rAalUA. 


VIGEX  met  en  oeuvre  plusleurs  techniques  de  1  '  Intel  1 1 gence  Artlftcfelle  : 

-  representation  de  la  connafssance  sous  forme  de  'frames*  et  de  rigles  de  produc¬ 
tion, 

-  prise  en  compte  et  exploitation  de  donnies  floues  avec  affectation  de  coefficients 
de  credibility, 

-  exploitation  d'une  Interface  homme-machl ne  en  langage  naturel . 

VIGEX  est  Implanti  sur  machine  SUN,  II  est  diveloppi  en  LISP  et  langage  C. 

Dans  les  mols  qul  vlennent,  VIGEX  va  fvoluer  notawrent  sur  deux  points. 

II  va  d’abord  Itre  computer  de  fagon  I  sulvre  Involution  d'une  situation  d'heure  en 
heure.  La  comparalson  des  dlplacements  successlfs  permettra  alnsl  de  constater  le 
r-rnforcenent  ou  l'attrltlon  du  systime  global  de  defenses  sol/air  et  de  formuler  des 
appreciations  sur  les  dAplolements  des  unites. 

Par  allleurs,  pour  rendre  la  relation  homme-machlne  encore  plus  alsee.  des  essals 
vent  etre  falts  pour  commander  VIGEX  I  la  volx. 


SVSTEHE  EXPERT  :  LES  RISQUES 

La  mlse  en.  place  d'un  systime  expert  dans  le  domalnc  Ju  Rensel gnement  mllftalre  et 
plus  gEneralement  des  C 3 1  presente  un  certain  nombre  de  probllmes  spiclflques, 

■  Le  risque  degression  extlrieure 

Le  savoir-faire  Introdult  dans  un  systime  expert  est  une  mat’lre  ch6re.  Elle  a  en 
effet  parfols  ete  coQteuce  I  formalJsenr.^Bens  tous  les  cas,  l'ensemble  represente  un 
capital  operotlonnel  Important 

Qul  plus  est,  ce  capital  est  Id  parfaltement  blen  Isoie  et  structure  (la  base  de 
connalssance) ,  Son  Interpretation  en  est  done  a  priori  plus  aisle  et  plus  raplde. 

II  Importe  done  I  cheque  fols  de  prendre  les  mesures  physiques  et  loglques  pour  pro- 
tiger  ces  systlmes  des  rlsques  d'lntruslon  de  capture. 

-  La  tentatlon  de  la  facility 

Dts  iors  que  l'on  slmule  un  comportement  de  ralsonnement  avec  un  systeme  expert,  le 
risque  exlste  de  1  u 1  falre  progress  1 vement  une  conflance  de  plus  en  plus  grande.  Ce 
risque  est  naturel 1 ement  plus  eieve  en  plr1ode  de  crlse  oD  les  utlllsateurs  sont 
soumts  1  des  stress  de  toutes  sortes  (nombre  ElevE  de  messages,  decision  I  prendre 
rapldement  etc...). 

11  faut  done  velller  i  blen  preparer  l'emplol  operatlonnel  des  systemes  expert  pour 
lalsser  nettement  la  prise  de  decision  aux  utlllsateurs  et  1  leur  esprit  critique. 
C'est  en  partlculler  comme  cela  que  l'on  peut  se  protlger  des  rlsques  de  pollution 
des  bases  de  donnies  et  des  systemes  par  1 ‘adverse  1  re , 


5 fSTENE  EXPERT  :  L'INTERET 

Un  des  prlnclpaux  avantages  de  1 'approche  systeme  expert  est  d'ordre  methodol oglque  et 
concerne  tent  les  experts  operatlonnel s  que  les  rlallsateurs  de  C3I  automatlse. 

Pour  les  experts  operatlonnel s ,  partlclper  I  la  conception  d*  un  systeme  expert,  c'est 
1 'occasion  de  formal Iser,  de  structurer  son  savoir-faire.  Ce  travail  peut  condulre  1 
une  consolidation,  voire  1  une  remise  en  cause  de  certains  mecanlsmes  de  ralsonnement 
et  de  prise  de  decision.  Cette  tlche  est  Importante  par  ces  consequences  et  son  am- 
pleur. 

Rlallser  on  systime  expert  c'est  egalement  formallser,  ratlonnal  1  ser ,  les  relations 
et  ies  ^changes  d' 1 nformatlons  entre  experts  et  equipes  de  realisation  du  C3I. 

Pour  les  rial Isateurs ,  on  dolt  consldirer  que  1 'approche  systime  expert  n'est  pas 
nicessal rement  one  fin  en  sol.  Un  systime  expert  est  igalement  un  outll  de  conception 
et  de  maquettage  de  systime  automatlsi.  En  effet,  le  systime  expert  sipare  clalrement 
le  savoir-faire  (base  de  connalssance)  de  Inanimation  informatlque  (le  moteur  d'infi- 
rence).  II  constltue  done  une  structure  qul  se  pr#te  plus  alsiment  I  modification  que 
des  programmes  classlques. 

II  deviant  done  alors  possible,  par  une  succession  oe  demonstrations  prototype,  d'arrl- 
ver  rapldement  I  une  bonne  conception  du  systime  I  automatlser  c'est-1-dlre  oul  Intigre 
correctement  et  dans  tous  les  dltatls  les  micanlsmes  de  ralsonnement  concernis. 
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COMPUTER  AIDED  SENSOR  PLACEMENT  OPTIMIZATION 

A.Kainzinger  and  tf.Ra.th 

ESG  Elektronik-System-Gesellschaft  mbH 
Vogelweideplatz  9,  8000  Muenchen  80 
Federal  Republic  of  Germany 


The  problem  of  optimal  aenaor  placement  Increases  with  the  mobility  of  the  sensors. 
New  threats  e.g.  caused  by  new  missile  technologies  lead  to  sensor  systems,  where  some 
of  the  sensors  are  highly  mobile.  Thus  the  optimization  of  sensor  placement  fof  a  given 
surveillance  area  becomes  a  complex  and  time  critical  task  if  constraints  such  as  ' 


r 

own  operations  areas 
terrain  ondulatlon. 
terrain  accessabirity^ 
sensor  capabilities. 


aaj 


) 


own  tactical  objectiveSj  0ff'‘ 
assumed  tactical  objectives  of  the  HP  forces 

have  to  be  taken  into  account. 


This  paper  presents  a  layer  model  for  the  computer  aided  stepwise  optimization  of  sensor 
placement  respecting  the  restrictions  mentioned  above.  The  computer  tool  is  based  on 
digitized  terrain  data  containing  information  about  the  height  and  culture  (fields, 
trees,  roads,  water,  houses  etc.).  The  layer  model  is  based  on  interactive  procedures 
and  automatic  decision  guidance.  The  software  can  be  installed  on  minicomputers  with  a 
color  display  and  color  printer  thus  making  it  a  mobile  transportable  tool  which  can  be 
used  online  in  the  field.  y  -- 

1 ■  PREFACE 

In  recent  years  ESG  has  gained  a  lot  of  experience  with  computer  tools  for  the 
simulation  of  radar  sensors  and  the  production  of  radar  coverage  diagrams  based  on 
digitized  terrain  data  with  terrain  resolutions  of  between  30  and  1000  meter  per  pixel. 
The  output  of  the  coverage  diagrams  is  either  by  an  electrostatic  plotter  on  transparent 
paper  for  full  scale  map  overlays  or  by  a  color  graphics  terminal  connected  to  a  color 
printer  which  produces  handy  diagrams  and  also  maps  on  paper  or  transparent  foils  for 
overlays  or  viewgraphs.  The  software  was  originally  installed  on  a  CDC  6000  and  later 
implemented  on  a  DEC  VAX  11  and  an  IBM  4341  Computer. 

A  f ictive  example  of  a  coverage  diagram  is  given  in  Figure  1 .  It  shows  the  overlay  of  an 
airborne  llne-of-sight  sensor  coverage  (upper  diagram)  and  a  flctive  radar  station  cover¬ 
age  on  top  of  a  nountain  with  jammer  and  clutter  effects  (lower  diagram) .  The  correspond¬ 
ing  maps  (originally  colored)  to  underlay  the  coverage  diagrams  are  shown  in  Figures  2 
and  3.  These  are  shadow  asps  to  represent  the  surface  structure  (Figure  2)  and  color 
coded  height  maps  (Figure  3).  The  tool  was  used  in  the  NATO  Air  Command  and  Control  Sys¬ 
tems  (ACCS)  project  for  the  ACCS  Multi  Sensor  Integration  Study  (AMSIS) .  In  this  project 
some  hundred  radar  coverage  diagrams  for  existing  and  planned  radar  Bites  were  produced. 

The  fast  developsant  in  computer  hardware  with  increased  and  cheaper  storage  and  'aster 
processing  time  now  allows  to  Install  the  tool  on  minicomputers,  thus  making  it  portable 
and  mobile.  Nith  these  features  it  is  possible  to  use  it  not  only  for  studies  but  also 
for  field  applications. 

2.  THE  OPTIMIZATION  TOOL 


Our  customers  very  often  expressed  the  wish  for  a  tool  which  not  only  simulates  the 
coverage  of  a  given  radar  at  a  given  radar  site,  but  in  addition  helps  in  the  optimiza¬ 
tion  of  its  placement.  This  lead  to  the  development  of  a  tool  which  is  a  good  compromise 
between  high  technical  performer.  «  and  low  computation  time  on  the  one  hand  and  on  the 
other  hand  allows  to  determine  step  by  step  an  optimum  sensor  placement.  It  is  based  on 
an  overlay  of  different  layers  representing  decision  criteria  such  as  terrain,  technical 
and  tactical  criteria. 

2 . 1  The  Reverse  View 

The  most  important  initial  step  is  to  find  positions  from  which  the  areas  of  inter¬ 
est  can  be  observed  by  the  sensor.  It  was  decided  not  to  use  the  maximum  percentage  of 
coverage  as  the  decisive  criterium  but  to  define  some  points  of  interest  e.g.  in  the  mag¬ 
nitude  3  or  4  which  should  be  ssen  by  the  sensor.  These  points  might  represent  roads  or 
flight  corridors  through  which  an  enemy  attack  could  be  expected.  The  reason  for  the  de¬ 
cision  against  the  maximum  percentage  coverage  Is  illustrated  by  Figure  4  and  5. 

Furthermore  this  concept  allows  a  fast  computation  of  suitable  sensor  positions.  This  is 
done  by  a  socalled  reverse  view  rest  elevation  calculation.  To  explain  this  1st  us  first 
explain  the  term  rest  elevation.  Figure  6  illustrates  the  way  how  for  a  certain  target 
height  above  ground,  the  coverage  diagram  can  be  computed  from  the  rest  elevation.  Given 
a  certain  sensor  position  and  height  above  grcand  tlie  rest  elevation  is  defined  by  the 
height  above  which  the  target  can  be  seen,  f.it  a  given  terrain  as  shown  on  top  of  the 
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figure  the  rest  elevation  is  given  below.  The  rest  elevation  is  always  positive  or  zero. 
If  it  is  zero,  the  ground  can  be  seen. 

A  coverage  diagram  is  obtained  by  coloring  these  areas  where  the  rest  elevation  is 
smaller  or  equal  to  the  target  height.  It  is  also  possible  to  divide  the  rest  elevation 
in  several  intervalls  and  display  it  color-coded. 

Normally,  one  coverage  diagram  shows  the  area  which  is  seen  for  a  given  sensor  position. 
In  optimizing  a  sensor  position  we  face  the  inverse  prohlem.  We  compute  for  each  of  the 
points  of  interest,  which  serve  as  the  optimization,  the  reverse  view  rest  elevation, 
which  is  the  rest  elevation  (line  of  sight)  as  seen  not  to  but  from  these  points.  The 
areas  where  all  rest  elevations  of  the  points  of  interest- are  zero,  are  possible  sensor 
locations  from  which  the  sensor  sees  these  points  of  interest.  If  no  such  area  exists 
we  can  display  the  area  for  which  all  rest  elevations  are  below  e.g.  100  meters. 

Figures  7  illustrates  this  principle. 

2.2  Layer  Structure 

Thus  the  a.m.  reverse  view  coverage  diagrams  define  terrain  layers  for  the  decision 
process.  Other  terrain  layers  may  result  from  a  requirement  that,  the  sensor  must  be 
neither  above  water  nor  within  a  village,  an  information  which  13  contained  in  the  cul¬ 
ture  data  of  the  terrain  file.  By  intersecting  the  layers  these  areas  (water,  villages 
etc.)  are  blanked  out  from  the  potential  sensor  placement  areas. 

As  far  as  the  technical  criteria  are  concerned  we  may  know  the  position  and  strength  of 
jammers  for  electronic  counter  measures  (ECM) .  These  define  layers  of  areas  which  should 
be  avoided,  thus  reducing  the  potential  area  for  sensor  placement  even  more. 

Another  technical  criterion  may  be  that  an  area  with  a  slope  above  a  certain  value  is 
not  accessible  for  the  sensor.  Other  areas  may  be  blanked  out  by  manually  entering  their 
contours  with  a  light  pen.  E.g.  these  areas  are  technically  or  orographically  unacces- 
sible. 

Tactical  criteria  might  e.g.  be  not  to  position  a  sensor  beyond  a  certain  battle  line  or 
on  top  of  a  hill  desDite  of  the  better  coverage.  Such  constraint*  may  be  entered  manually 
or  by  computer  aids.  This  tool  interface  is  suitable  for  implementation  of  artificial 
intelligence  procedures. 

The  Intersection  of  the  above  mentioned  layers  defines  areas  which  best  fulfill  the  op¬ 
timization  criteria.  Each  layer  is  stored  in  the  color  terminal’s  image  memory  and  occu¬ 
pies  1  bit  per  pixel.  Entire  layers  can  be  switched  on  and  off  or  colors  can  be  attrib¬ 
uted  to  them  (see  Fig.  8) . 

2.3  Selection  of  Sensor  Site 


7n  the  arsas  were  the  sensor  placement  criteria  are  best  fulfilled  one  or  more  po¬ 
sitions  are  selected  manually  and  their  radar  coverage  diagrams  are  calculated  respect¬ 
ing  all  the  sensors  radar  features.  ThuB  an  optimal  placement  can  be  found  quickly  and 
its  coverage  diagram  is  available  in  color  on  the  screen  and  as  a  color  hardcopy  from 
the  printer. 

3  ■  CONCLUSION 


Optimal  sensor  placement  is  a  complex  task  involving  human  experience  (e.g.  tacti¬ 
cal  considerations)  and  mathematical  calculations  (e.g.  covered  area  for  a  given  digi- 
zlted  terrain).  It  is  generally  recognized  that  it  is  very  difficult  and  unprecise  even 
with  a  lot  of  experience  to  predict  the  coverage  for  a  given  sensor  position  just  by 
regarding  a  map  with  its  elevation  contour  lines. 

Thus  computerized  tools  based  on  a  digitized  terrain  elevation  and  culture  data  base 
become  a  very  successful  means  for  optimizing  sensor  placements. 
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DISCUSSION 


W.E.  Howell,  USA 

How  long  does  it  take  the  computer  to  produce  the  results  shown  in  the  example? 

W.  Rath 

15  minutes  computation  time  on  a  VAX  11/750  for  all  shown  examples  together.  An  optimization 
session  including  ali  user  input  would  last  about  half  an  hour.  The  Computation  time  decreases 
considerably  if  the  number  of  pixels  is  reduced. 

G.A.  Ward,  UK 

Did  you  have  an  electronic  display  output  as  well  as  hard  copy? 

What  was  the  resolution  of  the  raster  display? 

W.  Rath 

The  output  is  on  a  colour  graphics  terminal  from  which  a  colour  hard  copy  can  be  made. 

640  x  400  pixels. 

E.M.  Dowlen,  UK 

How  far  was  culture  {trees  etc.)  included  in  the  coverage  diagrams  shown? 

W.  Rath 

No  culture  data  were  available  for  the  examples  shown,  but  the  tool  is  capable  o.  using  culture 
information,  e.g.  for  radar  clutter  evaluation. 
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M  L  Busbrldge,  Consultant,  and  D  J  Puleston,  Systems  Engineer 

Airborne  Display  Division,  GKO  Avionic*,  Rochester,  Kant 
ME1  2KX,  UK 


It  1*  likely  that  future  aircraft  will  contain  a  central  data  base  containing  feature  details,  ground 
elevation,  low  flying  obstruction  data.  Intelligence  and  alsaion  data,  Recert  advance*  In  technology 
have  made  It  poaalble  to  Implement  such  a  data  baaa  within  an  aircraft. 

The  existence  of  a  central  data  base  facilitates  nany  new  function*  for  both  low  level  ground  attack 
and  air  defence  aircraft.  Theae  function*  Include:  laproved  aovlng  aap  display*,  precision 
navigation  ayateas,  covert  radar  shadowing,  aurface  to  air  alssile  alte  intervlalblllty,  and 
perspective  terrain  display*  for  use  In  adverae  visibility  conditions. 

The  Integration  of  auch  a  systea  is  currently  being  finalised  and  foras  part  of  an  on  going  flight 
trials  prograa  in  fixed  wing  jet  aircraft.  ^ 

(1)  Introduction 

As  a  result  of  recent  advances  In  technology  it  le  now  possible  to  create  and  utilise  very  large 
digital  data  bases.  A  point  ha*  now  been  reached  where  It  la  possible  to  Incorporate  a  large  data 
base  within  an  aircraft  avionics  system  to  support  additional  navigation,  display  and  mission 
functions. 

Existing  electromechanical  navigation  functions  auch  a*  aovlng  aap  displays  and  Inertial  navigation 
systeas  could  be  laproved  or  replaced  by  avionic*  aubayateas  which  access  the  database  In  real  tine. 
Furthermore  new  facilities,  not  previously  poaalble,  nay  be  Incorporated  Into  the  system  to  provide 
greatly  enhanced  operational  capability. 

This  paper  details  the  work  currently  being  performed  at  GIC  Avionics,  Rochester  UK,  in  producing  an 
Integrated  aircraft  avionics  navigation  system  which  could  result  In  a  single  line  replaceable  unit. 
This  unit  fulfills  the  functions  of  a  Head  Down  Display  Color  Map  Generator  with  covert  Radar 
shadowing  and  SAM  site  Intervlalblllty,  Terrain  Referenced  Navigation,  and  Terrain  Following.  The 
system  Is  currently  being  proved  In  aircraft  flight  trials  programmes  In  both  the  USA  and  UK.  The 
programs*  commenced  the  Initial  flight  trial  phases  in  fast  Jet  operation  In  April  198b  and  the  full 
Integration  of  all  systems  functions  la  planned  for  late  '86  and  early  '67. 

(2)  The  Central  Data  Baac 

It  Is  envisaged  that  the  aircraft  of  the  future  will  have  a  large  digital  central  date  store  readily 
accessible  by  the  avionic  sub-systems.  Such  a  -tore  in  an  advanced  attack  aircraft  is  likely  to 
contain  the  following  Information: 

o  Feature  details  (eg.  roads,  rivers,  forests  etc.) 

o  Ground  elevation  profiles  (eg.  Digital  Land  Mass  Systea.  Digital  Terrain  Elevation 
Digital  Data  [DLMS  DTED]  cr  contours) 
o  An  obstruction  overlay  for  low  flying. 

o  Intelligence  data  (eg  enemy  positions,  Forward  Edge  of  Battle  Area  [FEBA],  Surface  to 
Air  Missile*  [SAMI  dats). 

o  Mission  data  (eg.  waypoints,  routing  details,  Initial  Point  [I/P]). 

Great  effort  Is  being  put  Into  the  realisation  of  such  a  central  store;  in  particular  the  compilation 
of  the  various  coded  digital  Information  blocks,  the  codification  Into  suitable  compressed  formats, 
and  In  the  development  of  the  airborne  memory  medium  such  as  laser  disk  technology  and  hybridised 
solid  state  semi-conductor  memory  devices.  Suffice  It  to  state  that  the  work  conducted  to  date  has 
shown  that  a  cantral  airborne  database  giving  a  more  than  adequate  aircraft  operational  coverage  can 
be  achelved. 
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(3)  Ths  HoyIpi  Hap 

A  mabtr  of  suppliers  have  davaloped  a  two  dimensional  CUT  aircraft  cockpit  digital  moving  map 
display.  It  la  poaalbla  to  display  In  raal  time  an  exact  replication  of  tha  atandard  aeronautical 
charta  at  various  acalaa  by  tha  Interrogation  and  manipulation  of  tha  central  data  bare.  Thaee  can 
be  praeantad  In  althar  North  orlantatad  or  Track  orlantatad  ferae  relative  to  aircraft  preeent 
poaltion.  In  addition  a  range  of  mission  and  lntalllganca  overlay  data  can  be  euperlapoaed  on  the 
aap  by  additional  ayabol  generation..  Moreover,  the  coloura  utllleed  by  tha  dlaplayed  nap  can  be 
althar  aanually  or  autoaatlrally  aelacted  according  to  the  prevalent  aablant  lighting  condltlona,  ao 
that  an  ergonomically  coapatlbla  aap  display  can  be  vlaved  whatever  the  beckground  lighting 
condltlona,  at  night,  or  with  tha  operator  wearing  night  vlelon  goggles.  Since  bor>.  knowledge  of  tha 
aircraft  altitude  and  tha  aurroundlng  terrain  can  ba  auppliad  to  tha  nap  display  su  ayataa  It  la 
poaalbla  to  Include  further  eodaa  of  operation  over  and  above  those  currently  pcaalble  with  electro 
aechanlcal  file  baaed  ayateea,  Tha a ■  eodaa  arei- 

o  Flexibility  In  altitude  shading.  An  axaaple  of  this 
could  ba  that  all  altitude  bands  above  tha  present 

aircraft  altitude  can  ba  coloured  shades  of  red  and  balow  currant  altitude  In  shades 
of  graen. 

o  Tha  two  dimensions 1  display  could  ba  enhanced  to  H»e 

an  apparent  threa  dlsanalonal  eap  affect  by  the  addition  of  aun  angle  eluding.  This 
has  the  effect  of  highlighting  tha  topographical  featuraa  such  as  hill  ranges  and 
river  valleys. 

o  The  database  can  be  configured  to  organise  tha  cultura 

data  files  ao  that  Individual  feature  files  (or  groups  thereof)  can  be  displayed  or 
dacluttered  In  accordance  with  operational  requirements.  An  example  of  this  would  be 
tha  removal  of  place  Danes  end  minor  roads  whan  tracking  a  particularly  strong 
topographical  feature  such  as  a  river  valley. 

(A)  Terrain  Referenced  Navigation  and  Terrain  Following 

By  comparing  a  short  duration  of  actual  recorded  heights  overflown  using  existing  airplane  radio 
altlnetar  lnstrunantatlon  with  the  ralavant  area  or  stored  elevation  data  base  it  la  possible  to 
conMnuously  update  the  aircraft  present  position  continuously  with  a  Kalman  Filter.  Various  leading 
avi  nlc  and  aircraft  suppliers  are  conducting  work  in  this  field.  GEC  Avionics  have  been  active  in 
this  area  for  the  last  seven  yaara  end  have  conducted  a  sarlaa  of  aircraft  trials  in  the  United 
Kingdom  under  the  auaplcaa  of  the  Royal  Aircraft  Batabllahaant,  Farnborough.  The  results  obtained 
have  been  highly  aatlafactory.  From  a  precise  knowledge  of  tha  terrain  profile  with  reapect  to  the 
aircraft  position  and  flight  parameters  it  la  possible  to  derive  vertical  steering  cues  for  manual 
terrain  following  or  indeed  to  output  the  control  commands  to  an  Automatic  Flight  Control  System.  In 
addition,  with  the  planned  mission  waypoints  previously  loaded  into  tha  navigation  system  either 
manual  or  automatic  waypoint  steering  is  possible. 

In  this  paper  It  is  not  necessary  to  re-lterate  the  theory  and  methodology  of  those  techniques  since 
they  have  bean  discussed  and  presented  to  AGARD  '  ,(2),(3)  on  previous  occasions. 

However  the  vary  accurate  knowledge  of  aircraft  present  position  obtained  by  Terrain  Referenced 
Navigation  tachnlques  together  with  the  asaoclsted  map  and  terrain  date-base  enables  the 
Implementation  of  further  Integrated  aircraft  navigation  and  display  system  functions,  some  of  the 
mors  important  of  which  are  outlined  In  the  following  sactlons  of  this  paper. 

(5)  Lina  of  Sight  Obscuration 

If  the  aircraft  present  position  is  known  (l.a.  the  ladtude,  longitude  snd  height  above  ground 
;  level),  the  visibility  or  otherwise  of  any  point  on  the  ground  may  be  determined.  In  the  computation 

divergent  llnaa  of  eight  from  tha  aircraft  poaltion  are  calculated,  and  systematically  scanned  from 
I  the  aircraft  position  outwards,  with  the  terrain  data  base  being  Interrogated  for  all  ground  lying  in 

!  the  vartlcel  plana  of  the  line  of  eight.  The  calculation  determines  tha  visibility  or  otherwise  of 

j  all  polnta  in  that  scan.  A  complete  "radar  scan"  using  divergent  rays  leads  to  tha  build-up  of  an 

)  entire  ground  vlslblllty/obscuretlon  picture  for  all  terrain  about  the  aircraft  position.  Tha 

resultant  display  produced  In  raal-tlme  from  tha  digital  data  base  is  an  accurate  representation  of  a 
i  (terrain  only)  radar  traca/ahadow  display  but  has  the  advantages  of  being  completely  covert.  The 

advent  of  an  accurate  faature/culture  data  bass  In  conjunction  with  tha  terrain  data  base  will  enable 
|  a  true  synthetic  radar  representation  to  ba  generated  In  reul  time  (50Hi/60Bi)  in  a  similar  manner. 

(6)  Surface  to  Air  Missile  Site  Intervlslbliltv 

At  praaant  the  danger  sonss  about  a  SAM  sits  are  highlighted  on  existing  maps  by  concentric  circles 
I  within  which  aircraft  at  known  heights  could  be  detected  r nd  within  which  It  is  obviously  dangerous 

to  venture.  Techniques  have  bean  developed  that  are  vary  similar  to  tha  line  of  sight  obscuration 
)  just  described  but  which  take  tha  poaltion  of  the  missile  sits  as  tha  origin.  These  generate  a  real 

time  display  showing  those  areas  within  tha  theoretical  coverage  of  tha  missile  site  where  the 
aircraft  can  safely  fly  at  Its  current  height  above  ground  level  lines  It  will  ba  masked  from  tha 
missile  alts  by  Intervening  terrain  and  thus  not  detected. 
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(7) 


Landscape  Imagery 


Fron  any  three  dimensional  database  It  Is  possible  to  generate  a  synthetic  Image  of  the  view  from  any 
given  position  end  viewing  angle.  If  the  aircraft  parameters  (le.  position,  height,  pitch,  roll  and 
heading)  are  known  accurately  It  la  possible  to  generate  a  perspective  Image  exactly  corresponding  to 
the  actual  view  from  the  cockpit  by  using  the  terrain  elevation  database. 

Such  a  synthetic  'asge  could  prove  Invaluable,  displayed  on  the  Read  Up  Display  one  to  one  with  the 
real  world,  during  low  level  fight  if  the  pilot  temporarily  lost  eight  of  his  ground  references,  for 
Instance  In  adverse  viewing  conditions  such  sporadic  low  cloud.  However  the  synthetic  Image  Is  most 
useful  In  augmenting  the  display  of  the  outside  vorld  derived  from  other  aircraft  senaors  such  as  the 
Forward  Looking  Infra  Red  (FLIR).  The  reajltant  composite  display  can  be  viewed  by  the  pilot 
head-up  or  head-down. 

Previously  the  task  of  generating  such  a  synthetic  Image  in  real  time  has  been  limited  to  large 
computer  based  aircraft  simulators  since  the  computational  tasks,  taking  Into  account  the  real  time 
rapid  movements  Involved,  have  been  beyond  the  scope  of  on-board  airplane  equipment.  However, 
recent  developments  In  microprocessor  hardware,  and  a  fresh  approach  to  the  necessary  display 
algorithms  have  permitted  the  design  of  an  appropriate  real-time  display  as  a  self-contained  part  of 
an  existing  head-up  display  electronic  unit  or  as  part  of  an  Integrated  navlgatatlon  and  display 
system.  This  design  results  In  a  display  capability  which  exhibits  the  required  ergonomic 
characteristics  suitable  for  mixing  with  the  FLIR  video  onto  a  Head-Up  Display. 


(8) 


Air  Defence  Applications 


The  three  dimension!!  calculations  mentioned  earlier  may  be  used  In  two  other  modes,  both  of  which 
are  displayed  head-oown.  Both  of  these  modes  have  applications  for  air  defence  fighters  on  Combat 
Air  Patrol  (CAP)  at  medium  heights  (1000m  to  5000m)  using  the  look-down,  shoot-down  technique  with 
modern  missiles  such  as  AMRAAM  or  Skyflash. 

o  'Desk  Top  Node'  -  A  long  range  oblique  view  of  an  area  of  terrain  which  may  be  used 
for  the  presentation  of  the  overall  situation  from  the  fighter's  eye  view.  This  mode 
Is  attractive  for  the  3  dimensional  display  of  JTIDS  Information  ,;tc. 

o  'Sun  Angle  Node'  -  A  plan  view  of  the  terrain  elevation  with  shading  showing  shadows 
caet  by  an  Illuminating  source  such  as  the  nun  or  a  radar.  It  will  allow  pllots:- 

1)  to  choose  optimum  CAP  altitude  to  minimise  terrain  obscuration. 

il)  to  detect  areas  of  Inadequate  cover,  or  short  range  detection,  if  constrained  In 
height. 


ill) 


to  avoid  firlcg  missiles  which  could  lose  the  target  through  terrain  obscuration 
after  bains  launched. 
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DISCUSSION 


W.  Rath,  Germany 

Which  ia  tha  storage  alia  aval labia  on  board  for  terrain  data? 

How  many  maps  can  be  atorad  In  that  storage? 

N.L.  Buebridge 

Present  ay a ta«  la  about  6  MBytes  for  trials  use  only.  Projected  production  systems  requirement 
is  for  300  MBytes  to  store  approximately  1000  x  1000  nautical  miles  at  250,000:1,  500,000:1  and 
1  Million: 1.  This  will  consist  of  either  up  to  10  PCB  Card  Nodules  of  Hybridised  EPROM  or 

laser  disk  storage. 

The  Map  Data  will  be  stored  in  a  composite  database  whose  topographical  features  are  held  and  read 
in  parallel  to  the  Terrain  Elevation  database. 

J.  Whalley ,  UK 

To  what  extent  is  the  data  that  you  use  standardised? 

N.L.  Buebridge 

The  elevation  data  used  Is  the  DLMS  DTED  (Digital  Lane  Mass  Survey  Digital  Terrain  Elevation  Data). 
The  topographical  data  is  not  yet  standardised  in  that  insufficient  coverage  exists  in  a  digital 
form.  Various  manufacturers  are  digitising  sufficient  coverage  for  flight  trials  areas.  This 
data  is  of  course  derived  from  standard  aeronautical  charts. 

G.A.  Ward,  (IK 

Can  you  say  why  the  maps  you  digitised  still  carry  features  unnecesssry  for  flying  tasks,  e.g. 
place  names,  etc. 

M. L.  Busbrldge 

At  present  no  definitive  airborne  requirements  exist  for  those  features  which  are  necessary  for  both 
low  flying  and  helicopter  use.  GEC  Avionics  are  taking  the  approach  of  digitising  each  of  the 
individual  feature  or  "INK  anes"  which  go  to  make  up  the  total  printed  colour  map  (these  number 
frow  20  to  30  sheets  for  r  •:  map  rheet) .  By  digitising,  collating  and  storing  these  separately 
we  are,  ae  a  result  of  trials,  abl*»  to  vary  at  will  the  various  combinations  required  for  the 
various  stages  of  flight.  The  objective  is  to  determine  which  features  or  combination  of  features 
are  necessary  and  have  these  as  quickly  selected  pilot  options.  (A  slide  illustrating  this  function 
will  be  shown  in  Paper  32). 

B.  Stieler,  Germany 

In  connection  with  TERCON  navigation,  the  terrain  following  flight  (TF  flight)  can  be  carried  out 
without  the  use  of  the  TF  radar.  Could  the  author  give  an  idea  of  what  safety  altitude  he 
recommends  to  the  pilot  using  this  "synthetic"  TK  radar. 

N. L.  Busbrldge 

It  is  not  intended  to  eliminate  the  use  of  real  radar,  but  to  limit  its  continuous  transmission, 
perhaps  to  a  burst  every  10,  20  or  30  secs,  dependent  on  the  degree  of  confidence  obtained  by 
comparison  with  the  TF  synthetic  image  to  a)  the  real  world,  and  b)  th«>  "synthetic"  E  scope  with 
the  "real"  E  scope  ski  slopes,  together  with  the  variou.i  unspecified  scanners,  and  the  confidence 
in  the  DLMS  DTED  database. 

C.  Zappulla 

In  the  conventional,  map  there  is  an  error  in  the  height  indications  and  it  is  reported  on  the  map. 

As  we  Intend  to  use  “digit  map"  for  TF  navigation,  what  is  the  amount  of  error  in  "height" 
computation  in  this  map. 

M.L.  Bus bridge 

This  is  dependent  on  the  accuracy  of  the  DLMS  DTED  database.  A  greater  accuracy  than  the  Level  1 
is  required.  We  have  demonstrated  that  3  metre  errors  in  the  database  are  acceptable  for  TF  at 
50  a  AGL. 

J.  Davies,  UK 

Why  was  blue  choeen  to  indicate  a  hazard  region  rathtr  that  the  more  traditionally  uaed  red 
indicator? 

M. L.  Buebridge 

We  did  not  like  the  look  of  red.  However,  any  colour  can  be  selected  as  a  result  of  Trials  and 
Ergonomic  studies  as  the  colour  palette  ie  fully  programmable. 

R.  Guiot,  'ranee 

Lea  i  iJoctets  qua  vous  aves  mentlonne  couvrent-lla  le  trajst  prevu  pour  la  mission  ou  perms ttent-i la 
dee  deroutamenta  important! . 

N. L.  Busbrldge 

Tha  SMbytea  covers  2  off  standard  500,00:1  Aeronautical  Charts  +  DLMS  DTED  Data  for  the  same  area. 
This  gives  a  minimum  flight  path  of  40  mine  which  is  sufficlsnt  for  trials  use.  The  proposed 
production  cyatem  is  300Mbytes  which  gives  1000  x  1000  nmi . 
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14.  Abstract 

The  pace  and  complexity  of  modem  air  warfare  are  reaching  the  point  where  advanced  computer 
aids  are  becoming  essential  to  assist  the  aircrew  in  the  aircraft  and  the  commander  on  the  ground  in 
performing  functions  that  hitherto  had  been  considered  to  be  their  prerogative.  Computers  are 
already  used  extensively  in  the  operation  and  control  of  specific  types  of  equipment,  such  as 
advanced  weapon  systems,  surveillance  radars,  electronic  warfare  and  communications  systems. 
However,  in  the  broader  context  there  are  still  many  areas  which  rely  heavily  on  human  decision 
malting  and  where  the  use  of  computers  will  have  considerable  impact  in  the  future.  The  increasing 
use  of  Artificial  Intelligence  (AI)  techniques,  including  Intelligent  Knowledge  Based  Systems 
(IKBS)  and  Expert  Systems  will  at  one  extreme  allow  decision  making  to  be  increasingly 
automated  or  controlled  by  non-expert  personnel,  and  at  the  other  extreme  greatly  extend  the 
capabilities  of  military  commanders  by  presenting  information  in  a  timely  manner  and  by  making 
rapid  assessment  of  alternative  strategies.  The  successful  application  of  computers  should  provide 
improved  effectiveness,  flexibility  and  reliability  of  both  men  and  equipment  resulting  in  a  saving  of 
resources  and  personnel. 
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